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PREFACE. 



In the present edition of this book a condensation in bulk has been 
attained, but, by help of a change in the style of printing, a greatly 
increased amount of special matter has at the same time been introduceti. 
In writing such a book it is aUvavs difficult to draw the line as to the 
exact extent to which it shouli go, but I trust that I have fairly 
succeeded in adopting a wise limit. 

'llie object of the work has been to produce a manual at once short 
and easily understood, but yet taking the student from the simplest to 
the most complex matters of (qualitative analysis, and also dealing with 
quantitative work sufficiently to give him a fair insight into all branches 
of thi^ department. Students preparing for s()ecial examinations will fmd in 
the bi>ok information suitable for everv Pharmaceutical or Medical and most 
general University Examinations in Practical Chemistr)* now in existence ; 
while the student who works through it will become a sufficiently expert 
general analyst to enable him to decide to what s{)eciality. and consc<|uently 
to which of the large standard works, he will devote his future attention. 
Teachers will also. I hope, find the present edition S|)ecially worthy of 
attention, as it is divested of those minute details which can really only 
be supplied by personal suiKrr>'ision. Ever)- process given is the result 
of twenty years* experience in the leaching of practical chcmistr). and 
all have been carefully tested by actual work in the hands of students, 
fxcei>t where official processes of the Pharmacopoeia are necessarily intro- 
«iuccd. The acid course is. so far as I knou, the only one published that 
goes on like the ordinary metal course, and certainly and successively 
detects all the acids in one direct line of ex|>eriments. 

In conclusion. I trust that an e^^ual amount of favor will be shown to 
the present e<iition as has iKcn extended to the |>ast ones, both in (ireat 
Britain and in America. 

J. M. 
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QUALITATIVE ANALYSIS. 



CHAITKR I. 

THE PROCESSES EMPLOYE I) BY PRA( TKAL (llEMIsTs. 

It is advisable that the simlent should uniicrstand the raisoN d^itre t^f ihc 
chief processes he will l>e called \i\>ox\ to employ, before commencin:; in detail 
the study of Analysis. 

I. SOLUTIOH. 

This process consists in stirring a solid bo<iy in contact with a fluitl until 
it dissolves, heat In-ing o<< asionally used. lUnlies which refuse to dissolve 
in any particular tluid are said to l>e insoluble in it ; the liquid used is < ailed 
the solvent, and sometimes the menstmum ; a liquid having taken up all the 
solid matter possible is said to be saturated. A knowled;^e of the solubility 
of various substances in the chief menstrua, sut h as water, acids, alkalies, 
aicuhol. ether, chloroform, and gly« erine. is of the utmost im(X)rtance. I5y 
this we are enabled to separate one bo<ly from another ; and by attention to 
mmute details it is even possible to divor< e bo<iies which are soluble in the 
same menNtruum, but in ditferent degrees. As an exam))le we shall suppose 
three subsumes— one readily soluble, one partially so. and one but slightly 
soluble, in ether. My a careful use of three surressivc quantities of the 
li<pii<l at tlinereni temperatures, we » an obtain sep.irate solutions of ea< h 
This pr»>« ess is named Jniitton.il ^olttion. In order to aMertain if any 
subst.mt e be soluble m any particu'ar liquid, it is simply requisite to stir it 
into the litnd. applying heat if net essary. \ ))orti(m of the liquid is then 
poured «>ff. and heatetl until it h.is passed away m vapour, when, if any of the 
solid w.is lield in solution, it will remain as a visible rcsi<lr-. .\s a gener.il 
rule, the higher the lem]>crature to which a li piid is raised, the greater 
bemmes its capacity for viiurai!«m. Thu<. one part of <i)mmon nitre wiii 
retpure f^r s«»lution about lour parts »»f ci>ld water; but the same weight i»f 
the solid \m11 dissohe in less than half a jart of boiling w.itcr. There are 
many eveptions to this rule nt)tably thit of calcium o\idc, whi< h is less 
soluljle in boiling water than in <old. Many l)odics, during solution, alisorb 
so much heat that any substance placi-d in the liquid has its temiicrature 
remarkably reduced. Potassium nitrate and ammonium chloride, dissolve<i 
together in water, !'»rm in this manner a \ery etfii lent refrigerant when snow 
• •r h e is not obtainal>le. 
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H LUUVIATIOtf AHD EZT&ACTIOH. 

These processes incfude the digestion of a mixture of solids in a fluid, so 
as to dissolve the soluble portion. The Nolids, in the form of {towder, are 
introduced into a vessel, and the water or other li«iuui having been added, 
the whole is well stirred. Remaining at rest until all the insoluble matter has 
subsided, the clear thiid, charged with all that was soluble in the mixture, is 
decanted, or poured oflf. On the large scale, in chemical works, the clear 
li(|Uor is usually drawn off by n>e.ins of a tiphoii. 

When a substance is to l>e extracted by means of a readily volatile solvent, 
such as ether or chloroform, the arrangement now commonly m 
used is that known as SozUet's apptntmi. This is illustrated li 
in lig. I. A tUsk (ai ir> charged with the solvent The sub- 
stance I K) is put into a cartridge of filtering |>a(ier, and intro- 
duced into the Soxhlct tube (i») ; the latter is in turn connected 
with the upright condenser (c), through the jacket of whi< h a 
stream of cold water is made to |)ass. Heat is now applied to 
the flask by a waterbath, and the vapor of the ether rising . . 
through ( 11), condenses and ciro|>s en to the |H>wder in the I ' | 
cartridge. When the instrument has beconte filled by the / y 
condensed solvent to the level of the top of (k), it runs /f ^' 
back into the flask charged with the soluble matter that has •' ^^^ 
been extracted This process then repeats itself until the ' /ir"^ 
whole soluble portion has l>een extracted and transferred to ^ i]| 
the flask, which latter may then be attached to an ordinary ' l.^ 

condenser, and the solvent distilled off. leaving the si>hible ^^^^ 
matters of the original |>om-dcr in the Hask. Resinous .ind [J'O 

sticky substJixres should Ih: mixed with a little purified sand 
to prevent them clogging up the apjaratus. 

.Another method of extraction is that known as per- 

D eolation* a process much used in phamvocy. 
The apfuiratus employed is illustrated m 
^ ^ fig. 2. The up|x:r |iortton (a» is the i>cr- 
colator, in whii h the powder to be extracte<i 
is tightly {lacked ; and the solvent having 
i j been fioured upon it, the whole is allowed to 
V t^^ c niacerate for some time. The stoficock (c; being then 0|>ened, 
\^ the fiutd gradually filters into the receiver no, and more s^ilvent it 
I \ then poured on until the soluble |K>rtion of the contents of the 
I { {>ercolator has been entirely transferretl to the receiver. 

I ^ m PRBCIPITAnOH 

I 

Is the mixing of two substances in solution so as to form a third 

sul>stance. whi< h, being insoluble in the Huids employetl, sinks to 

r.< , the bottom, and is called the prodpitato. The clear lii|uid 

which remains after the precipitate has settled down, is called 

the saporaataat liquid. 

When prccipiutc*s arc totally insoluble in water, such as l>arium sulphate 
or argentic chloride, the ofieration i^ best c onducted at a l>oiling heat, as the 
high tem|>erature cauvrs the {irecipitate to ag^^'egate and )>ccome more dense, 
so that It subsides rapidly, and is less liable to pass through the |K>res of the 
filter. 

On the other hand, there are some prcrijiiiatCN which must never l>e 
heated, but lie allowed to form slowlv liV standiru in the cold for several 
hours. lo this class belong ammonium -magnesium )>hosphate. and i>otassium 
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PR EC I PITA T ION— DEC A NT A TION—FIL TRA TION. 



acid tartrate. When it Is desirable to cause precipitates to form quickly, 
resort may be had to violent shaking, or stirring with a glass rod, so that it 
scrapes against the sides of the vessel. 

In qualitative analysis precipitation is usually conducted in test-tnbea, 
shown in tig. 3. These are kept in a stand (tig. 4) having holes for the 
reception of tubes actually in use, and also a row of pegs upon which freshly 




washed tubes may be inverted to drain. Figure 5 illustrates the appliance 
used to hold tubes when their contents are to be boiled, and Rg. 6 shows the 
brush used for cleansing them. 

In quantitative analysis precipitation is generally performed in bwken. 
These are very thin tumblers made of glass, free from lead, and 
annealed so as to permit their use with boiling liquids without 
risk of fracture. A nest of such beakers is illustrated in fig. 7. 

Precipitates are separated from the supernatant liquor by one 
of two methods. First: — 

IT. SECAKTAHON, 

which consists in allowing the precipitate to settle to the bottom 
of the liquid ; pouring off the clear liquor, then pouring on 
distilled water, and repeating the process until the precipitate is 
thoroughly washed. Second : — 

V. FUmATIOV, 

which consists in transferring the whole to a piece of folded filtering-paper 
or cloth placed in a funnel, so that the liquid passes through, while the pre- 
cipitate remains. This may be washed by the addition of distilled water. 
The liquor which has thus passed through the filter is called the filtrate. 
The process of precipitation is probably one of the most common with which 
the practical chemist meets. 

Specially prepared papers for filtration, cut into circles, are sold, and they 
have only to be folded to fit the funnel for which they are destined. The 





illustrations show, fig. 8 (a), the circle of paper, and (b) the same as folded 
for use, while fig. 9 rep.esenls the whole arrangement ready for use. 
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VI DISTILLAnOH 

is the changing of a fluid into vapour by the aid of heat, and jxissing the 
va|)Our into a cooling ap|>aratus, called the condenser, where, its latent heat 
being abstracted, it is again deposited as a li<iuid. This process is employed 
for the separation of volatile fluids from non volatile substances. The fluid 
which |>asses over and is condensed in the receiver is called the dittUlata ; 

while the nonvolatile matter which remains 

in the retort is called the retidne. Figure i o 

shows the arnuigement roost commonly 

/ f\ used in laboratories for small distillations. 

(r^^A is the retort in which the fluid is l)oiled, 

and II is called a Liebig's oondenier, through 

the jacket of which a stream of water is 

caused to {tass, and beneath the end of this 

,^ is placed a vessel (c) for the reception of 

^ the distillate. Hy careful attention to their 

** * " boiling |M)ints, various volatile fluids mav 

thus be se|)arated from each other. Suppose, for example, that we lave a 
mixture of three substances boiling respectively at iKo'^, 220°, and 240°, and 
their separation is desired, «'e should introduce the mixture into a retort t^.tted 
with a thermometer, the bulb of which m-as placed just above the level of the 
fluid. The whole l)eing then attached to the condenser, the heat would l)e 
gradually raised until the thermometer marke<l a little over 1 80 , when that 
temi)erature would be steadily maintained as long as anything continued to 
collect in the receiver. When the li«jui<l reased to accumulate, the receiver 
would \x changed, and the tem|>erature raise<l to a little over 220^ and the 
distillation continued until the se< ond li<}uid had ceased to foss over. The 
receiver being once more changetl, the heat would be again raised, and 
nuintained until the last liquid had l)een obtained as a distillate. This 
process, which is exceedingly useful in practical chemistry, is called frmetional 
diftillation. 

TIL SUBLIMAnOH 

is the changing of a solid into a va|)or by heat, and rerondensing the va|>«)r 
into a solid form in a cooled vessel. It is employed for the separation of 
volatile from non-volatile solids, antl is thus conducted : — The substance to 
be sublimed is thinly spread over the l>ottom of a shallow iron |^n, and the 
vessel is covered with a sheet of bibulous pa|>er {nrrforated with numerous 
pin-holes, or with a )>iece of muslin. Hy means of a sand Itath, the hejt is 
slowly raised to the desiret! degree, when the vajKir fosses through the 
strainer, and condenses in a cap of wood or i^orcelain, linetl with stout 
cartridge pa{>er, and placed over the heating fan and kept c(X)l. Fractional 
tnUimation is often useful, and may be employeii in a similar manner to 
fractional distillation. 

ym. FU810H 

is the heating of a solid until it melts. It is usually carried out in a \'essel 
called a "crucible,'* made of fire-clay. On the small scale, or for the |>urposes 
of analysis, fusion is generally ct)nductcti m |K)rcelain crucibles ; or, where the 
substances are such as «*ould attack |»orr eUm. in vessels of platinum or silver. 
.Alkalies should be fused onlv in crucibles made of the latter metal. A 
l«uliar kmd of fusion, calletl cnpeilation, is restarted to in the assay of gold 
and siUer. I he alloy to Ik: assaved is «Tapi>e<l in a piece of lead foil, and 
the whole is then heated in a little « up made (»f bone earth, tailed a cnpal^ 
when the lead and all im|Hirities fuse and sink into the substance of the 
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porous %'ess.^l, leaving the pure metal as a metallic button, which may then 
be weighed. The illustration (fig. 1 1) shows a set of crucibles for fusion— a, 
being of fire<lay ; it, a platinum c rucible ; c, one of porcelain ; and d, what is 
called Roses crucible^ for healing substances in a current of hydrogen when 



"IS^ ^^ 



Si ^™^ ^^^ 




\XI I.. 

it is desired to prevent access of air, or to produce rapid reduction to the 
meullic state. 

IX. E7AP0RATI0H 

consists in heating a fluid until the whole, or as much of it as may be 
require<l, fosses off in va]>or. A >oluiion thus treated until it has wholly 
passed into vapor is said to he evaporated to drjmess. and the solid 
substame remaining is t allctl the residue. 

Solutions which contain any oFpianic or volatile matter ought always to be 
eva}H)rated on a water bath ; that In. in a vessel exposed only to the he.it of 
boiling water. With onlinary nt)n-\olatile or metalli< substances in soluti<»n 
lhi> precaMtion is unneceNsary, and of no practical advantage. Kvapt»ration 
may be condiu leil nIowU-. without raising the fluid to its boiling i)oint. when 
it IS lalled simple vaporisation: but when sufficient heat is applied, the 
e\a{K)ration takes place rapidly, and is accompanied by the disengagement of 
buMiles of vapour, and the fluid is then s.iid to be in a state of ebullition. 
All li'iuidN possess the continual desire, as it were, to |>ass into va|H)r : and 
the am«»unt «»f elastic foi<e whi« h the vapor thus given off exerts is called 
its tension, 'riie more the li«|uid is heatecl. the greater be<'omes its tendency 
to \a[M.rise. anil co!ise«[uently the more ;K>\verful is the tension of its vaj>or; 
and when the latter is sufli( iently marked to overcome the pressure exerted 
b> ll.e at!n«)sj.fKre and the » ohesinn of the li«iuid itself", ebullition takes place. 
'I he l-nslin^ 1. 1 lint «)f a lluiil is therefi»re the tempt rat utt' at which the tensirn of 
it' :.//./ /i t .«;.' /»' that rt the iUf'trhieumitftt attr,i*sphere. If the pressure of 
thi .rtiimsj.lart I-e in( reasid artificially, the boiling point of the liijuid will 
ris* :ti ; f' ; Mftmn. lur example; boiling water in an o|)en vessel under 
oil! :.,ti. • r« .iijst.iin eN will havt- a tem|)eiature <»f 2\i ; but water in a steam 
boLi '. . :.«Ii r I pressure ol <'C lb. per S'luare in( h, will be found to be heated 
r.ear.v ?«• ^''.j . As ste.im un<Ur pressure tan thus be obtained at high 
tefi ; erati.n >. it is nsatle u«.e t»f fur the rapi<l e\a)Mirati(»n of b'piitls (m a large 
M ii . ^ > « -ius;:,^ :t ti» j>ass into a jarkel t»r throUj^h a coil of pipes surrountling 
iJ.e • \.\\ -raiiJi.: j-an. The ap| aratus thus made use of is railed a iteam Ktth, 
V • !.i i! ..1 wh;i ii is Usualu understiMMJ to be about 2\o lahr. 

If v\ \\» X bi l)..ikd in a < liemu ally < lean glass \essel. and more jvarticularly 
>f .1 J :i« ip.t.ite be susju-ndeil in the wai-r. the boiling «ioes not take place 
rt^iiarly, but the li'|Uid liecomis iieated abo\i* its boiling |>oint. and suddenly 
r.^j IS int.. \aj-or in jusls. I hjs is <all<.d b\ practi« al ihemists " bumping." 
.«• «I nia\ be ]revcniid bv putting :n a few fragments of j.latinum foil, which 
.1 ' ..^ 'ttu'ltt, to aid *n the regultr il.«*. luaizement of the va|»or. 

Z. CRYSTALLISATION AHD DIALYSIS. 

M.if \ ^ ibtjn< i-n i»hen dissoiveii in a boilin^: li«|u:d separate t»ut, as soon 
.i« ;l.e r!".:ul cooU. in masses ha\in.; a weli-detined an«l symmetrical shape. 
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bounded by plain surfaces and regular angles, lliese bodies are named 
erjBtaIliB6 ; the deposited masses, eryttali ; and the remaining solution, the 
motlitr liquor. Substances m-hich are not susceptible of crystallisation are 
cal)e<l amorphous (/>. formless) bodies ; while solids, such as glue and gums, 
which are soluble in water and yet not crysiallisable, are named coUoidl. 
Crystallisation may also occur during solidification after fusion, and by the 
s{M)ntaneous eva|)oration of lirpiids holding cr}*stalline substances in solution. 
All crystalline Inxiies invariably assume the same form, and may thus be 
unmistakably recognised from each other. The process is also useful for 
purification, as at the moment of crv-stallisation all impurities are rejected, 
ami may l>c i>oured off with the mother liquor. Many circumstances affect 
the size of the crystals produced in any solution ; as a rule, the more rapidly 
crystallisation takes pUce, the smaller are the cr)'stals. An example of the 
extreme variation in the size of the crystals produced from the same solution 
may be seen in ferrous sulphate. When allowed to deposit slowly, we have 
the ordinar)- well-marked commercial crystals; but the same salt dissolved in 
boiling water, and the solution suddenly poured, with constant stirring, into 
spirit, gives granulated ferrous sulphate in crystals so minute that a lens is 
re<]uired to distinguish them. For the formation of large and well-defined 
crystals perfect rest is re<juired, and it is often desirable to introduce pieces 
of wood or string so as to form nuclei on which the cr)stals collect. (ioo<l 
examples are seen in commercial cr)stalliied sugar of milk and sugar candy. 
Some Inxlies are capable of crjstallismg in two or more forms, and are called 
polymorphous. Instances of this pro|)erty may l>c seen in memiric iodide 
and in sulphur. 

When small quantities of cr^Ntalline substances exist in a solution together 
miih a large <|uaniity of uncr}stallisal>lc colloid l>odics, their mutual se|«aration 
is effected by dialjiis. This process consists in introducing the mixture into 
a glass vessel havmg a Ixjttom made of vegetable i«in hment. 'I his, called 
the dialyser, is Hoated in a lar^e qusntity of distilled watvr in a losin. At 
the expiration of several hours the whole of the crystalline bodies will have 

passed through the parchment, and will have become dis- 
solved m the water m the lasin. while the colloids remain 
m the dial\ser. .\ very- go<xi way of practising this process 
is to dialvse a solution ot glue in which a few grains of salt 
have been dissolved. i*hen the salt mill l>e found to have 
I massed into the water in the basin, while all the glue will 
remain Inrhini!. 'Ilus process is s<»metimes employed for 
the separation of cr)sialhne i>oi$on. like strychnine, from the 
c ontenis of a s?on a< h. 'Ilie ra(>idity of the dialysis is greatly 
ir.<reas<.d by < ausjn^* a stream of water to i»ass through the 
outer lusin, but of « our^* this is « niy applicable where it is desired to retain 
the colloid 1h<}v and n<»t iKe fr\>taliu;d, as in the manufacture of the 
preparation kn«'>*n as Jialytd ircr., 'Ihe ap|iaratus used is sh<»i»n in the 
illustrati-n «fig. i; . w. whi«h a is the dulyser containing the mixture, mhile 
r < <>ni.uns the water intu which the crystalhne matter |ias$es. 

XI. ELBCTR0LT8I8. 

Eleethcitj is one of the most i>owcrful analyti( forces mith which the 
chenust has to deal. A current of clectr:< ity results from the action of 
chenii*.il ajrent.s uf-on various metaK. the ap|>aratus in its simplest form lieing 
tailed a voltmic <>r gmlvuuic ooU or element, and a (umbination c f several cells 
l^csr^g tiri:K«i a battery. Ilunscns lattery. mhi« h is \rry extensively used and 
of great j-jmcr. < ^n^ists ot an *>uter cell or lar (»t glazeti earthenware m whi< h 
IS placed a cylimler of zinc, an inner ungla/ed iKjrous jar and a rod of carlmn, 
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both furnished with binding-screws for attaching wires to thena. Tne acids 
used are dilute sulphuric around the zinc, and strong nitric in contact with the 
carbon in the inner cell. The zinc constitutes the f>ositive (or most attacked), 
the carbon the negative <or least attacked) element; but when wires are 
attached to these, the end of the wire connected with the zinc is termed the 
napitiTe electrode or eathode, whilst that in union with the platinum in the 
lattery is the positive electrode or anode. To explain this apparent contra- 
diction we must intagine that the current generated by the zinc passes through 
the fluid in the cell and then through the carbon, while at the same time .in 
opposite current is generated from the cart)on through the li(|ui(l to the zinc, 
and thus the effect of each current is felt at the ends of the wires from the 
op(x>site plate. These electrodes, when place<l near one another in a com{K)und 
lii]uid, occasion the phenomena of dectroljiit, which is simply the sj)litting 
up of conductors of electricity into their elements or into simpler forms. For 
instance, a solution of HCl gives off CI at the positive electrode and the H at 
the negative, as a result of the axiom that unlike electricities attract and like 
repel one another, CI itself being electro- negative and H electro-pDsitivc. 
I Nralinj^ with H^O^, we get H, at one electrode and SC)^ at the other ; the 
latter, however, at once splitting up into O (given off) and SOj, which re forms 
H SC\ with the water present. 

Further reference to applications of eIectrol)'sis will be found in Chapter X., 
when the student arrives at quantitative analysis. It is also applied in a 
mo<lified form in qualitative analysis to the separation of tin and antimony. 

ZIL PTKOLOOT. 

Under this name are included all processes of analysis depending for their 
action on the use of fire, or, in other words, what were formerly called 
•• rfoitions in the dry way'^ The chief instruments used are the blowpipe and 
the Bunsen burner. The blowpipe is a tube with a narrow nozzle, by which 
a continuous current of air can be passed into an ordinary flame. The ordi- 
nary' gas Hame consists of three {xarts : (a) \ non-luminous nucleus in the 
centre: {b) A luminous cone surrounding this nucleus; and U) An outer 
and only slightly luminous cone surrounding the whole flame. The centre 
|«->rtion \a) contains unaltered gas, which cannot bum for want of oxygen, 
that necessary element being cut off by the outer zones. In the middle por- 
tion (A I the gas comes in contact with a certain amount of oxygen, but not 
enough to produce complete combustion ; and therefore it is chiefly the 
hytlrogcn which bums here, the carbon separating and, by becoming intensely 
Ignited, giving the light. In the outer zone Ko full combustion takes place, 
and the extreme of heat is arrived at, l>ecause chemical action is most intense. 
The outer flame therefore ac ts readily on oxidisable bodies, because of the 
high tcm[)erature and the unlimited supply of air, while the luminous /one 
tends to take away oxygen by reason of the excess of unbumed carbon 
or hvdrocarbons therein existing. For these reasons tiie former is called the 
oiidiiing flamo, and the latter the rodacin^ flame. The effect of blowing 
air across a flame is, first, to alter the shai>e of the dame, which is at once 
lengthened and narrowed ; and, in the secorul place, to extend the sphere of 
c ombustion from the outer to the inner {lart .\s the latter circumstance causes 
an increase of the heat of the flame, and the former a concentration of that heat 
within narrower limits, it is easy to understand the great heat of the blowpi|>e 
flame. I he way of holding the bl<)wpi|>e and the strength of the blast always 
dejjends ujKjn whether the 0|K:rator wants a redunn}: or an oxidisiit^ tlatne. 
'Ilic rtducini: t!anie is produced by keeping ihc jet of the blowpi|)c ju>l on the 
l»ordcr of a tolerably strong gas flame, and driving a moderate blast across it 
The resulting mixture of the air with the gas is only im|>erfc*ct, and there 
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remains between the inner bluish part of the flame and the outer barely visible 
Dirt a luminous and reducing zone, of which the hottest point lies somewhat 
beyond the ai)ex of the inner cone. To produce the oxidising flame, the gas 
is lowered, the jet of the blowpi|>e pushed a little farther into the flame, and 
the strength of the current somewhat increased. This serves to effect an inti- 
mate mixture of the air and gas, and an inner |>ointed, bluish cone, slightly 
luminous towards the apex, is formed, and surrounded by a thin, {>ointed, 
light-bluish, barely visible mantle. The hottest part of the flame is at the 
tfiex of the inner cone. Difficultly fusible bodies are exposed to this |>art to 
effec t their fusion ; but bodies to be oxidised are held a little l)eyond the 
apex, that there may be no want of air for their combustion. 

The mmnt is produccti by the cheek muscles alone, and not with the 
lungs. The way of doing this may be exsily ac({uired by practising for some 
lime to breathe «|uielly with puft*ed-up cheeks ami with the blowpi|>e lietween 
the lips ; with prac lite and |>alicnce the student will soon be able to proiluce 
an even and uninterrupted current. 

The supf^nti on whi< h substances arc exjwscd to the blowpij)e flame are 
generally cither wochI charcoal, or platinum wire or foil. 

Charcoal supports are used princi{>ally in the reduction of metallic oxides, 
etc., or in tr)ing the fusibility of bodies. The substances to l)e oi>eraled 
upon are put into small conical cavities scoo|)ed out with a iHrnknifc or with 
a little tin tul)e. Metals that are volatile at the heat of the reducing flame 
evaporate wholly or in jart u|)on the reduction of their oxides ; m (ossing 
through the outer flame the metallic fumes are re-oxidised, and the oxide 
formed is de|)Osited around the jwrtion of matter u|K>n the sup|K)rt. Such 
deposits are called incrustations. Many of these exhibit rharac tenstir colors 
leading to the detection of the metals. Thoroughly burnt and smooth pieces 
of charcoal only should be selected for sup|Kms in blowpij)C e\j>crimenis, as 
tm|jerfectly burnt and knotty pieces are apt to spirt ami throw off the matter 
placed on them. 

The great use of charcoal lies (i^ in its low degree of conductivity ; {2) its 
porosity, which causes it to absorb fusible bodies and leave infusible ones 
upon its surl'ace ; and (3) its |>ower of ai<iing the effects of the retlucing 
flame. 

Platuiiun wiro and foil are used for sup{>orts in the oxidising flame, and 
the former is s|)ecially en)ployed for trying the adion of fluxes and the color 
communicable to the blowpijxr or Hunscn flame. 'I'he platinum wire, when 
employed for making l>cads of borax or other fluxes, should l>e aliout 3 to 4 
inches long, with the end ti»istcd into a small loop. The 1<kj|» is then heated, 
and dip{>ed while hot in the jowdereii borax, when it takes up a quantity 
whiih is then hcalcti till it fuses t<> a clear bead fomied within the kH)p. 
When cold, this is moistened and <iippe<i in the |»owder to Ik: testetl. and 
again ex|K>sed to the flame, and the eftcfi noted. I c^r tr\ing the color 
im|»artable to the flame by certain njctals, the wire is first cleaned by Innling in 
dilute nitri< acid and then h(.»lding it in the fl.une until no color is obtained. 
The liKjp is then dii|<rd in the soluticm t<j Ik.* tested, and held near the flame 
till the adhering drop has e\a|M>raied to dryness, and then heated in the mantle 
of the flame near the .i|>e\ of the inner rone, and the eMt< t obserxed. 

The Bansen burner con<»tsts of a tul>c having at its lasc a s<rirs of holes 
to admit air. and also a small gas delis cry lul>e |ty mean^ of this c ontrivamc 
the gas i> mixed with air l»eiore it burns, and more |<:rfett oxidation, and 
conse^juentl) much greater heat, is secured Looking attentively at the flame 
of a r»ui:ven burner, i»e distinguish m it an ii.ner jar: .uui ti*o mantles sur 
rounding it. The inner |art coneN}K»nds to the dark nucleus of the common 
gas flame, and contains the mixture of gas and air issuing from the burner. 
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The mantle immedutcly surrounding the inner part contAiru still lome un- 
consumed carbide of hydrogen ; the outer mantle, which loo^ bluer and less 
luminous, cortsisu of the U-st products ofcombustion. This hottest part -lying 
in the mantles surrounding the inner part of the Hame, in a sone extending 
a few hundredths of an inch upwards and downwards from the transverse 
section of the Aame across the apex of the inner pan^hu, according to 
Hunien's calcubtion, a temperature of 417J" K This is termed the uim of 
Jmtitm. The outer margin of this lone of fusion acts as oxUitiMg fiame, the 
inner Jiart of it as rtdurinj^ flamt. The spot where the reducing action is 
the most powerful and energetic lies immediately atx)ve the a))cx of the inner 
pcut of (he dame. The Bunscn ll.ime brings out the coloration which many 
substances imi>art 10 lUmes, and by which the cjualiiative anal>-st can delect 
many bodies, even though present in such minute quantities that all other 
means of analysis except the spectroscope fail to discover them. The subject 
of the coloration of flames will be discussed fully under each metal. 

Xm. TREPA&ATIOH OF SULFHimETTED HTDBOOEH. 

This is done by acting ujion ferrous sulphide with dilute sulphuric arid. 
The illustration (fig. 13) shows the apiiaraius. The ferrous sulphide, broken 
into lumjis the si« of a nut, is placed in the generating bottle (a), and 
dilute sulphuric acid is |)Oured in by the funnel (cl in small quantities as 
required. (11) is a bottle containing distilled water, through which the gas 
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passes to free ii from any traces of acid mechanically carried over. Owing to 
the disagreeable odor, it is desirable to have special appliances, by means of 
which the evolution of the gas can be stopi)ed as soon as it has done the work 
retiuired. Su<h an ajiparatus for use in a large laboratory is that of Kippi 
(fig. 14); and one suitable for use by a single student is that of Van Babo 
(fig. 15). Hoth illustrations sufficit-ntly explain themselves. 



CHAPTER II. 

DETECTION OF THE METALS, 

For the purjxwef of (]ualitative anal3rsis we employ certain chemicals, cither 
in the solid or liquid state, which by producing given effects enable us to 
detect the existence of the substance searched for. These substances are 
always kept ready for use, and are called reagents. They are of three classes ; 
I St, Oroup retgents, which, by )'ielding a precipitate under certain condi- 
tions, prove the substance to be a member of a certain group of bodies ; 
2nd, Stparatoiy reagents, by means of which the sulistance under examination 
is distinguished from the other meml>ers of the ^roup ; 3rd, Confirmatoiy 
reagents, by i^hich the indications previously obtained are confirmed and 
rendered certain. 

The Metals are di\nded into five groups, each of which has its group 
reagent, as follows : 

Groip I. Metals the chlorides of which, Inring inw>lulilc in water, are precipi- 
tated from thetf. solution l>y the addition of hjdroclilorie add. 'I hey 
are silver, mercnroiu mercorj and lead (the latter in cold strong 
solutions only 1. 
GRorp 2. Metals the sulphides of which, being insoluble in dilute hydro- 
chloric acid, are prec ipitated from their !»olutions by the addition of 
snlphnretted hydrogen in the presence of hydrochloric acid. This 
group includes mercnry, lea4 bismuth* copper, oa dminm. antimony, 
tin, gold, platinum, and the metalloid arsenic, and is divided mto two 
sub-groups, as follows : 

A, Metals the sulphities of which are insoluble in both dilute 
hydrochloric acid and ammonium sulphide. The pretipitated sul- 
phides scparatetl by sulphuretted hydrt^gcn arc therefore insoluble, 
after washing, in ammonium sulphide. 'Ihc> are mercury, lead, 
bismuth, copper and cadmium. 

/►*. Metals the sulphides ««f whi« h. although insoluble in dilute 
a« ids. arc di^Jiolvcd bv alkalus. and the prct ipttatcs from their solu- 
tions by sulphuretted hydrogen therefore disstiUe in ammonium 
sulphide. 1 hey arc gold, platinum, tin, antimony and artenie. 
Grci'f 3. Knihraces those rnctaU the sul[>hu]cs of i«hich are soluble m dilute 
.i( ids. but .re insoluble tn alkalies, and whu h c onset |uently, having 
csca|H;d prct imitation m (i roup 2, are nt»w in turn precifutated by 
ammonium siuphide. '\ hc> are iron, nickel, cobalt, nuuiganeee and 
line. In this group arc likewise imluilcd aluminium, cerium and 
chromium, nhuh are prci ipitated as hjrdrates by the alkalmit) of the 
ammonium sulphide. Magnesium woaid aNo l>c precipitated x% 
l.)dratc, but, as that i»f uld \< inr(»n\cnicn; at this ^tage. its prcnpi 
t.ition is prc\cntcd by the addition of ammonium chloride, in whuh 
Its l.sdratc is soluble. 
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(jRoiP 4. Comprises mculs the chlorides and sulphides of which, being 
soluble, escape precipitation in the former groups, but the carbonates 
of which, being insoluble in water, are now precipitated by ammoiiiiuii 
carbonate. They are barium, ttrontiiun, and ealdum. ICagnetium 
is not precipitated as carbonate, owing to the presence of the ammoiiiiim 
chlorida already added with the sulphide in (^roup 3. 

(iROi'p 5. Includes metals the chlorides, sulphides and carbonates of which, 

l>eing soluble in watar or in ammoniuni chlorida, are not precipitated 

by any of the reagents already mentioned. They consist of ma^a- 

uum, Uthiain. potaniiiin, todium and ammoiiium. 

As the analytical grouping of the metals is undoubtedly one which is most 

important to the student for practical purposes, we shall adhere to this 

arrangement in giving the methods for their detection. 



GROUP I. 

Metals precipitable as chlorides by the addition of hydrochloric acid to 
their <>olations. 

I. SHYER (Ag). 

(ci) WET REACTIONS. 
(To be practised upon a solution of argentic nitrate — AgNO^.) 

I. HCl (ist ^roup reagrnt) or any soluble chloride gives a rurdy white pre- 
cipitate of argentic chloride — AgCl —insoluble in boiling nitric acid 
but instantly soluble in ammonium hydrate. It ih also soluble in KCy, 
__ Na^SjOj, and in strong solutions of soluble chlorides, 

2 XHO or JiaHO both produce a brownish precipitate of argentic oxide, 
Ag.O, insoluble in excess. A similar effect is produced by the hydrates 
of barium, strontium and calcium. 

3. KjCrO^ gives a red precipitate of argentic chromate — Ag^,CK")4 — soluble 
in large excess of both nitric acid and ammonium hydrate ; and there- 
fore the solution should always l)e as neutral as jK>ssible. 

4- H^ and HH^HS, lx>ih produce black argentic sulphide — Ag^ — insoluble 
in excels, both soluble in strong boilmg nitric acid. 

5. D and KBr both produce curdy j)recipiiaies, the former yellow argentic 

iodide — Agl — insoluble in ammonium hydrate, and the latter argentic 
bromide — AgBr — dirty-white and slowly soluble in ammoniuni hydrate. 

6. KCy gives a curdy-while precipitate of argentic cyanide — AgCy — readily 

soluble in excess, and also in boiling strong nitric acid. 

7. Many organic salts, such as formates and tartrates, boiled with solutions of 

silver, |)recipitate the metal as a mirror on the tube. 

8. Fragments of copi)er, /inc. iron and tin, introduced into a solution of 

silver, all precipitate the metal. 

{b) DRY REACT/OX, 

(To be practised on argentic oxide — Ag/).) 

Mixed with so<]ium carlK>nate and heated on charcoal before the blowpij)e, 
a bead of silver is formed, hard, glistening, and soluble in nitric acid, yielding 
folution of argentic nitrate to which the wet tests nuy l)e applied. 



12 DETECT! OX OF THE METALS, 



n. MERCVR08VM (Eg,)'. 

{a) WET REACTIOXS, 

( To l>c practiscii on a solution of mcn.urous nitrate— I Hg^j" (NOj^. — prepared 
by acting u})on a globule of merrury with cold and dilute nitric acid, so 
a.s not fjuite to entirely dissolve the metal.) 

1. HCl Hi/ }:rouf' rfaj^€9tt\ gives a white precipitate of mercurous chloride. 

(Hg;) i'lj — turned to bla« k mercuros-ammonium chloride — 
NH.(ng.)'(*l — by ammonium hydrate. It is also insoluble in boiling 
water, but soluble in strong nitric acid, being converted into a mixture 
of mercuric chloride — Hgll. — and mercuric nitrate — Hg(NOj). 

2. KHO and VaHO l>oth give bLick precij»itates of mercurous oxide -Hg/>^ 

insoluble in excess. 

3. VH4HO pnx luces a liUck pre* ipitate of dimercuros-ammonium nitrate — 

NIhdig.i' NO H -also insoluble in excess. 

4. 8nCl.^. lK>ilcd with the solution causes a grey pret ipitate of finely divtdeil 

mercury, which, if allowetl to settle, and then boileil with hydrcx-hloric 
acid and some more stannous chloride, aggregates into a globule. 

sb) DRY REACTION, 

(To be tried ujjon men urous iodide. » 

Mercurous com|)Ounds heated, lireak u]» into the < orresjwnding mercuric 
lalt. which sublimes, and metallic mercury, whi< h also sublimes at a higher 
tem|<*rature. 

m. LEAD <PbK 
m) WET REACT loss. 

<To be practised on a solution of plumbi* a* etate -PUC'.H^O/lj.) 

I. HCl (ij/ iiroup reaj^tnt) forms in cold strong volutions a white precipitate 
of plumbic chloride— I*b<.*l; — soluble in U>ilin>; water. 

3. H«8 after aaJiiiation by HCH {2nJ j:n*up re.t^fnt) ^ives a black precipitate 
of plunibi« sulphitle I'bS —insoluble in anniionium sul|)hide. I(y 
treatment with boihn^ strong niin< .icid it is de« om|>oscd, |artly into 
plumbic nitrate, but « hietly int<» insi>lii!i!e pltmSir sul;>h.ite. It is 
entirely disMiUed by hot <lilute nitru .i< id with se|aration of sulphur. 

3. H^80, gives a while pre< ipitate of plumluc sul|»!iate- -I'bSO,— slightly 

soluble in water, but rendereti eniirelv insoluble bv the adtlition of a 
httle aUohol. 1: ;s dccoiniNtvd b\ lM>iling strong hydr**<hl« trie acid, 
and iN als4i trctly Mil.iMe in s*iluti*>ns (»f aiiiiuoniuin a* ct.ite or tartrate. 
(ontainiug an ix* ess ot jrniii"iii\i:ii h)<ira:e. 

4. KCH)| >;i>«.> a yill'iW pre* ipstatc ot ]»iu;ii-iii < hrxnate -l*b('rO^- -in- 

soluble in .Ket'.t and \xx\ dilute nitri« .i« ids but soluble in strong 
boilin.: i.;tn« a< :d 

5. KI gi\es a yellow j.re* i;»;:ate *»\ ;'lum!»ii- unlide — TbT '-Vmhle in boiling 

water. ar.<i « ry^tal'iisiUj: out on co«>lmg m ^ol len s^ jirs. 

6. JCHO at;d VaHO Injth cause white prc« .pit.ites oi pl-.^mbu hvdiati- 

!':• in * . sohible in cx< ess. forming |M>taNNiu!n «»r ^'Kiiuin p«umlutes 
- K l'l»n; and NaJ*!i<r. 

7. HH.HO iau'^CN .1 white precif»itate « f a white b.isi« nitrate Pb'NC).H< h 

insoluble m excess. 
S. KCy pr'xi'iceN a wKite j re» ipit.ite of plumbi* c\.in«le — I*b(\\v - insoluble 
in excess, but soluble in d:iu:e nitru ^rid. 
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^ Alfadina Carbonatat cause a preciptute of (PbCO,)2pb(HO)^— 
"white lead "—insoluble in excess, and also in potassium cyanide. 
to. Fragments of zinc or iron in the presence of a little acetic acid cause the 
separation of metallic lead in crystalline lamina!. 

{b) nnV REACTION. 

(To be practised on red lead— Pb^O^, or litharge — PbO.) 

Heated on charcoal in the inner blowpipe flame, a bead of metallic lead is 
formed, which is soft and malleable and soluble in dilute nitric acid. The 
solution thus obtained gives the wet tests for lead. 

GROUP II. 

Metals which are not affected by acidulation with hydrochloric acid, but are 
precipitated by passing sulphuretted hydrogen through the acidulated solution. 

DIVISION A. 

Metals which when precipitated by sulphuretted hydrogen as above, yield 
sulphide insoluble in ammonium sulphide. 

I. KERCXTEICUM (Eg). 

{a) WET REACTIONS. 

(To be practised on a solution of mercuric chloride— HgCl^ ) 

I. HyS after acidulation by HCH (2nd ^n^up rea^^ent) gives a black pre- 
cipitate of mercuric sulphide- -HgS -insoluble in ammonium sulphide 
and nitric acid, and only soluble in nitrohydroc hloric acid. Care 
must be taken that the sulphuretted hydrogen is passed really in excess, 
and that the whole is warmed gently, as unless this be done, the pre- 
cipitate is not the true sul{)hide, but a yellowish-t>rown dimercuric 
sulpho-dichloride— Hg.^Cl^ Although insoluble in any single acid, 
mercuric sulphide may be caused to dissolve in hydrochloric acid by 
the addition of a cr)'stal of potassium chlorate. 

3. KHO or VaHO both give a yellow precipitate of mercuric oxide— HgO — 
insoluble in excess. 

3. HH^HO producer a white prcxripitate of an insoluble mercur-ammonium 

chtoiide --(NHjHgK'i— also insoluble in excess. 

4. D yields a red precipitate of mercuric iodide, soluble in excess both of 

the precipitant and the mercuric salt. 

5. SilCl^ boiled with a mercuric solution, first precipitates mercurous chloride, 

and then forms metallic mercury, as in the case of mercurosum com- 
pound^i. 

6. Alkaline Carbonates (except animonium carlx)nate) j>roduce an immediate 

reddish-brown precipitate of mercuric oxy-carbonate. 

7. Fragments of f'u, Zn, or Fe precipitate metallic mercury in the presence 

of dilute hydrochloric at id. 

(b) DRY REACTION, 

<To be tried on mercuric oxide — HgO - and on ** Kthiops mineral " — HgS.) 

All compounds of mercury are volatile by heat ; ^m oxide breaking up 
into oxygen and mercur>', which sublimes, while the sulphide sublimes unaltere<i, 
unleu previously mixed with so<lium carbonate or some reducing agent 
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TL BISMTmi (K). 

(a) WET REACTIOyS, 

(To be practised upon bismuth suhnitrate, dissolved in water by the aid of 
the smallest possible (|uantity of nitric acid, and any excess of the latter 
carefully boiled off.) 

1. B[,8 tt/ttr tuuiulatiom by HQ ( ind ^oup rea^i^ent) gives a black precipitate 

of bismuth sulphide — Hi^S^ — insoluble in ammonium sulphide, but 
soluble in boiling nitric ai i<). 

2. HjBO. ^ives no precii>itate (distinction from lead). 

3. VHfHO, KHO, and HaHO, all give precipitates of white bismathous hydrate 

- HijH/)^ or BiOtOH) — insoluble in excess and l>ecoming converted 
into the yellow oxide Hi-Oj — on boiling. 

4. H,0 in excess to a solution in which the free acid has been as much as 

ix>ssible driven off by boiling, gives a white precipitate of a basic salt 
of bismuth. 'Miis reaction is more delicate in the presence of hydro- 
chloric than of nitnc acid ; and the precipitate, which is in this case 
bismuth oxy chloride — HiOCl is insoluble in tartaric acid (distinction 
from antimonious oxy-chloride). 

5. KjCrO^ yielils a yellow precipitate of bismuth ox)'-chromate — Bi,0,CrO| — 

soluble in dilute nitric acid, but not in potassium hydrate (distinction 
from plumbic chromate). 

6. KI gives brown bismutlious iodide, soluble in excess. 

7. Alkaline Oarboiuitas give white precipitates of bismuth oxy -carbonate, 

insoluble in excess. 

8. Fragments of zinc added to a solution of bismuth cause a de|>osit of the 

metal as a dark grey powder. 

Kb) DRY EEACTIO.W 

(To be practised upon bismuth subnitrat^.) 

Mixed mith sodium carbonate and heated on c harcoal before the blowpi|)e, 
a hard bead of metallic bismuth is produced, and the surroimdtng charcoal is 
tncrusted with a coating of oxide, deep orange-yellow while hot and (ole yellow 
on cooling. 

m. COPPER <Cii) 

(ii) UET EEACT/OyS. 

(To le pract sed with a solution cf cu|.rtc sulphate CuS<J| j 

1. H.^8 after a^uiulatun utth HCl f 2nd i^tnmf reaf^ent) forms a precipitate of 

brownish black cuphc sulphide CuS— mhich is nearly insoluble in 
ammonium sulphide l»iit sohjble m nitric acid. Its precipitation is 
prev(.ntid b\ the priiK-nic of |xjta.ssium cyanide idbtinction from 
cadmium I. When \oi\^ ex|K>sed to the air in a moist state, it oxidises 
to cupric iulphalc and <lis>olves s|iontaneously. 

2. HH^HO causes a {ule blue precipitate instantly soluble in excess, forming a 

«!tcp blue solution of tctrammonio-cui>ri<: sulphate— <NHj)/ "uM),Hj(>. 

3. K«FeCy« \iclds a chocolate brown f>reci|rttate <»f < upnc fencx yantde 

CujFc(\\4 This lest lb \ef> deluate. and is not aflec led by the 
Mescn« e of a dilute acid, but doe% not take place in an alkalme li<)uid. 

4. JCHO or VaHO \ rccipitate^ h^ht blue cupric h>drate — Cu(HO(, ins<»lublc 

in excels, but turr.ini: to black rupnc o\\ hjdrate <Cu<M Cu(H<M. — 
00 In^iling. 
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5. maCiH^O^ and VaHO added successively, the latter in excess, produce 

a deep blue liquid (Fehlings solution), which when boiled with a 
solution of glucose (grape sugar) dc[x>sits brick-red cuprous oxide- - 
Cu-O. 

6. The AUniiBa Oarbonatat behave like their respective hydrates. 

7. Fragments of zinc or iron precipitate metallic copper from solutions acidu- 

Uted with HCL 

\b\ DRY RE AC no XS. 
(To be practised upon cupric oxide — CuO — or t^erdigris — Cu^O(C,HjO.)^.) 

1. Heated with Na^COj and KCy on charcoal, in the inner blowpipe rlamo, 

red scales of copper arc formed. 

2. Heated in the borax bead before the outer blowpipe flame, colors it green 

while hot and blue on cooling. Hy carefully moistening the bead with 
SnClf and again heating, this time in the inner flame, a red color is 
produced. 

iv. CADnnm (Od>. 

(tfi WET REACT/OyS. 

(To be practised with a solution of cadmium iodide — Cdl,.) 

I. H^ after acidulalion with Kdf 2aJ ^i^^rvu/* reit^^cnf j j^ivcs 2. yellow precipitate 

of cadmium sulphide— CdS— insoluble in ammonium sulphide, but 

soluble in boiling nitric acid. This precipitate does not form readily 

in presence of much acid ; but its production is not hindered by the 

addition of potassium cyanide (distinction from cop|)er). 

1- VH^HO produces a white precipitate of cadmium hydrate— Cd(HO)^ — 
soluble in excess. 

5. KHO or VaHO both give precipitates of cadmium hydrate — Cd(HOj, — 
insoluble in excess (distmction from zinc). 

4. Alkaline Carbonatas precipitate cadmium carbonate — CdCOj — insoluble in 
excess. 

(^) DRV REACT/ON. 

(To be practised on cadmium carbonate — CdCO^.) 

Heated on charcoal before the blowpipe, a brownish incrustation of oxide 
is produced, owing to reduction of the metal and its subsequent volatilisation 
and oxidation by the outer flame. 

DIVISION B. 

Metals which are precipitated by sulphuretted hydrogen in the presence of 
h)*drochlonc acid, but yield sulphides which are soluble in ammonium sulphide. 

L AB8EVIC (Ai). 

(a) WET REACnOXS. 

(To be practised with a solution of arsentous anhydride in boiling water 

slightly acidulated by hydrochloric acid.) 

1. H^, after acidulaiien u*Uh HQ. causes a yellom* precipitate of arsenious 
sulphide — AsjS, — soluble in ammonium sulphide, forming ammonium 
sulpharsenite— (NH^^j.AsSj — but insoluble in strong boiling hydro 
chloric acid < distinction from the sulphides of Sb and Sn). This pre 
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cipitate is also soluble in cold solution of commercial carbonate of 
ammonia (distinction from the sulphides of Sb, Sn, Au, and Pt). Dried 
and heated in a small tube with a mixture of Na^CJOj and KCy, it 
yields a mirror of arsenic. 
Boile<l with KHO and a /rapneni f/Zine, arseniuretted hydrogen — AsHjj — 
is evolved, which stains black a pai)er moistened with solution of 
argentic nitrate and held over the mouth of the tube during the ebul- 
lition (FUitmanns test). 
Boiled with \ of its bulk of HCl and a slip of Copper, a grey coating is 
de|K>sited on the copper of cupric arsenide. On dr>'ing the copper 
carefully, cutting it into fragments, and heating in a wide tube, a 
T\ I cr)'Stalline sublimate of arsenious anhydride— A s^O, — 

I ^ D is obtained, which, when dissolved in water, gives a 

yellow precipitate of argentic arsenite — AgjAsO^ — with 
solution of ammonio-nitrate of silver (AV/VrM'j test), 
4. Placed in a gas bottle furnished with a jet (illustrated in 
the margin), together with dilute sulphuric or hydro- 
chloric acid and a few fragments of zinc, arseniuretted 
hydrogen -AsH^ is cvolve<i, which may be lighted 
At the jet, and bums with a lambent flame, producing 
AsjOj. If a piece of cold |)orcclain be held in the 
** ^'' flame, dark sj)Ots of arsenic are obtained, readily volatile 

by heat and soluble in solution of chlorinate<i lime {Aftirsh's Test). 

JVatr- -Vor reactions of artenitaf and arteniatas, see Acidulous Radicals. 

(d) DRY REACTION, 

(To be practised on arsenious anhydride — ,\SjOj.) 

Heated in a small tube with NaXO^ and K(*y. a mirror of arsenic is |>ro- 
duccd, acoom|anicd by a garlic- like odor. The same effect may be produced 
with black flux. 

u. AirmovT (8b). 

.*!. H'ET REACT/OXX 

(To be prariisctl with a solution of tartar emetic.) 

1. Hj^. a/trr iiAiJuIattvn by HCl. causes an orange precipitate of antimonious 

sulphiiie - Sh..*^3 — soluble in ammonium sulphule. farming ammonium 
sulphantin.onite -< .NH4»iSl>Sj - also s«iluble m strong boiling hydro- 
chloric at i<I. furmmj: antimonious chloride — .^bCl^ -but insoluble in 
cold Nolution of commercial carl>onate of ammonia. 

2. KHO iS9id VaHO produce pa^ipitaies of antimonious oxide readily soluble 

in e\< ess to form antimotntes < K^SHO, or Na.SbO..). 

V .\cidulatetl with HCl and introduc ed into a pUtinum dilh with a rod of 

sine M) held iha: it touches the platinum rutMdt the li«)uid, a black 

stain of inctariit antimony is produced closely adherent to the platinum. 

This stam IS nut dissolved bv \\C\ (tin reduced in the same manner 

IS .iranular and soluble in boiling HC'1<. 

; Seineh't test Uc-e .\rM:ni< > produces a black coating on the cop|)er. which, 
when heated, forms an amorphous sublimate of Sb,0. cL'u to tht copper^ 
aii<! insoluble in water, but dissolved by a solution of cream of tartar in 
HHuh W^ then pro<luces the chara< lcri*lic orange sulphide. 

; Kanh't t€ft <sec Arsenic 1 yields stains of antirnon) on the (Xircelain. not 
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nearly so readily volatile by heat as in the case of arsenic, and not 
discharged by solution of chlorinated lime. 
6. Fleit]iiaim*t test will not act with antimony at all (distinction from 
arsenic). 

{h) DRY REACTION, 
(To be practised on antimonious oxide — Sb^O^.) 

Heated on charcoal with Na^COj and K(.'y before the blowpipe, a bead 
ot metallic antimony is formed and copious white fumes of the oxide are 
produced. 

in. TIH (8n" or 8n'^). 

(tf) WET REACTIONS. 

(To be practised with a solution of stannous chloride — SnCl, — and one of 

stannic chloride — SnCl^ — prepared by warming the stannous solution with 

a little nitric acid ) 

I. H^, after acidulatum u*ith HCl. produces a brown or yellow precipitate 

of SnS or SnS^ respectively, both soluble in ammonium sulphide and 

in boiling hydrochloric acid. 

a. KHO or WafiO both produce white precipitates of Sn( HO), or Sn(H()),, 

soluble in excess, the former to produce stannites and the latter itan- 

nates. The stannous solution is, however, rcpre<:ipitable on boiling, 

while the stannic is not. 

J. VH.HO pro<iuces similar precipitate?, very difficultly soluble in excess. 

4. Acidulated by HCl, and introduced into a platinum dish with a rod of 

line, so held in the Huid that it touches the platinum outside the litpiid, 
granules of metallic tin are dcpDsited, soluble in boiling HCl, to form 
stannous chloride. 

5. HgCl. boile<i with stannous salts de{>osits a grey precipitate of metallic 

mercury. 

(b) DRY REACTION. 
(To be practised on t*^tty fn^iuier — SnO,.) 

Heateil on charcoal with NojCOj before the blowpipe, a bead of metallic 
tin is produced, and a white incrustation of oxide is formed on the charcoal. 

lY. GOLD (An). 

(a) lYET REACTIONS. 
(To be p)ractised with a solution of auric chloride — .Audj.) 

I. H^ {^rou/* reai^rnt) in the presence of HCl gives black auric sulphide 
— .\u^j. If the solution be hot, aurous silphide— .\Uj^,S — falls. Both 
are only soluble in nit^^hydro^hloric acid, but they are soluble in 
ammonium sulphide when it is yellow. 

a. VH|HO precipitates retldish ammonium aurate, or fulminatin)^ gi^id — 
.\u.(NH,) Or but KHO gives no result. 

3. HfC,0| (or F^BO|) when boiled with an acid solution throws down Au. 

Reducing agents generally art thus. The liquid containing the metal 
may exhibit a blue, green, purple, or brown color. 

4. SaCl, throws down a brownish or purplish precipitate, known as ** |Hirple 

of Cassius," c(»nsistin^ of the mixctl oxides of gold aid tin. 

5. Zb, Cu, Fe, Pt, or alm>st any metal, gives a precipitate of metallic .\u in a 

6nely diviiled state. 
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ib) DRY REACTION, 
(To be practised on any gold salt.) 
Heated on charcoal with Na,COj, the metal is produced. 

y. PLATnnni (Pti. 

Ka) WET REACTIONS, 

To be tested with a solution of platinic chloride — P1CI4.) 

I. H^ (2ttJ js^roup rf assent) in presence of HCl gives a bnnim precipitate 
of platinic sulphide — PlS*. This precipitate forms slowly, and is 
rca<lily dissolved by yellow ammonium sulphide. 

a. KCl in presence of HQ, es{)ecially after addition of alcohol, produces 

a yellow cr}'stalline precipitate of |X)tassium platinic chloride^ 

PtKjCl^ — soluble to a moderate extent in water, but not in alcohol 

I>ecomp)osition takes place when this is strongly heated, metallic V\ 

and K('l remaining. 

3. HH^Cl gives a precipitate of ammonium platinic chloride — PtlNHJjCl^, — 

which is almost identical in p>roperties, but is more readily decom- 
posed by heat, pure platinum remaining. 

4. Zn, Fe. and several other meuls decompose platinic salts with the pro- 

duction of the metal 

(b) DRY REACTION 
(To be practised uj>on |K»tassium platinic chloride — PtK/!!^.) 

Heat on charcoal, with or without Na-CO^, before the blowj)ipe. The 
metal is produced by reduction. 



GROUP III. 

MetaK whi< h escape precipitation by sulphuretted hydrogen in presence 
of hydrochloric acid, but which are precipitated by ammonium sulphide in the 
preserue of ammonium hy<lrate, ammonium chloride having been pre\'iously 
added to prevent the preci[)itation of magnesium. 

DIVISION A. 

Metals which, in the insured absence </ organic matter^ are precipitated as 
hydrates by the addition (»f the ammonium chloride and ammonium hydrate 
onlv. 

I nOV \Ffrrcus, Pe : and Ferric, Pa.). 

J J WET REACTIONS 

(To be pra< ti<cd nu« re«»'*!velv on solutions of ferrous sulphate — FcSO^ — and 

lemr < hlon<ie Fe (*l » 

I. VB4HO tn the presence «•/ HH^Cl ij^royf reaxen/> yields either a dirty- 
>:Tern j»recipiiaie of tVrrous hydrate— Ke<H( M,— or a reddi^h-bronn 
|»re< ipiiateof ferric hydrate Ke.' Hf >>t. The former ts ili^htiy S4>luble 
in e\ct>». but iKe latter is insoluble, ami it \s therefore (ireferable 
Al«a\s to varni the solution «ith a little r.itn< arid, to in«kure the 
raiMn^; of the iron to the ferrir *tate, liefore adding the ammonium 
h\drate The presence «»f organic acids, such as tartaric or citnc. 
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prevents the occurrence of this reaction ; and therefore, if any such 
admixture be suspected, the solution should fir^it be eva|)orated to dry- 
ness, the residue heated to redness, and then dtsscilved in a little 
hydrochloric acid, heated with a drop or two of nitric acid» diluted, and 
lastly, the NH^Cl and NH.HO added and boiled. 
[4H8, added to a neutral or alkaline solution, produces a precipitate 
of ferrous sulphide — FeS — which is black (distinction from Al, Ce, 
Cr, Mn, and Zn), and readily soluble in cold diluted hydrochloric 
acid (distinction from the black sulphides of Ni and Co). This re- 
action takes place even in the presence of organic matter, and the 
preci|}itated sulphide, if ex|x>sed to the air, gradually oxidises to 
ferrous sulphate — FeSO^ — and disappears. It is insoluble in acetic acid 
(distinction from MnS). 
y K^FaCy^, in a neutral or slightly acid solution, gives, with ferrous salts, a 
white precipitate (rapidly changing to |)ale blue) of Everett's salt—potas- 
sium ferrous ferrocyanide — KjFe • FeCy^ —and with ferric salts, a dark 
blue precipitate of Prussian blue — ferric ferrocyanide (Fe,)2(FeCyj)3. 
'I he^e precipitates are decomposed by alkalies, producing the hydrates 
of iron, and forming a ferrocyanide of the alkali in solution ; but the 
adiiition of hydrochloric acid causes the re-formation of the original 
precipitate. 

4. X^Fa.Cyi, gives, with ferrous salts, in neutral or slightly acid solutions, a dark 

blue precipitate of Turnbuirs blue — ferrous ferricyanide, Fe^Fe^Cy,, — 
but with ferric salts it gives no precipitate, simply producing a brownish 
liquid. With alkalies, Tumbull's blue is decomposed, yielding black 
ferroso-ferric hydrate, and a ferricyanide of the alkali ; but the addition 
of hydrochloric acid reproduces the original blue. 

5. KCyS gives no precipitate with ferrous salts, but with ferric compounds 

it yields a deep blood-red solution. I'his color is not dischargeil by 
dilute hydrochloric acid (distinction from ferric acetate), but imme- 
tiiately bleached by solution of mercuric chloride (distinction from 
ferric meconate 1. 

6. KHO, or VaHO, produces effects similar to th ose of ammonium hydrate. 

7. Va.^HPO« in the presence of VaC JL^O^ or WK^Cflfi^ gives a whitish 

gelatinous precipitate of ferrous or ferric phosphates — Fe,(I*OJ^. or 
Fe^(P04), — insoluble in acetic acid, but soluble in hydrochloric acid. 
The previous addition of citric or tartaric acids prevents this reaction. 

8. VaCyH^O^ added in excess \o ferric salts, produces a deep red solution of 

ferric acetate — Fe.,(C.^HjOj)<. — which on boiling dei>osits as a reddish- 
brown ferric oxyacetate — Fe/MCjHjO^)^. This precipitate dissolves 
slightly on cooling ; but iron can l>e entirely precipitated in this form 
if the solution be instantly filtered while hot 

9. Alkaline Carbonates, added to a ferrous salt, precipitate white ferrous 

carbonate — FeCO, — but with ferric salts, throw down the reddish-brown 
ferric hydrate already described. 

(A) DRY REACTIONS. 

(To be practiced on ferric oxide.) 

I. Heated on charcoal before the inner blowpipe flame, a black magnetic 
powder is obtained, which is not the metal, but is ferroso-ferric oxide 
-Fe,0.. 

a. Heated in the borax bead in the inner blowpipe flame, a bottle-green 
color is produced ; but in the outer tUme the bead is deep red while 
hot. and very pale yellow when told. 
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TL CERnn (Ce). 

(a) WET REACTIONS. 

(To be practised on cerous chloride — CeCl, — prepared by boiling cerum 
oxalate with sodium hydrate, washing the insoluble cerous hydrate with 
boiling water, and dissolving it in the least possible excess of hydrochloric 
acid. ) 

1. VH^HO in Ihi freunce of 'WfLfSi, {^roup reagent) gives a white precipitate 

of cerous hydrate— Ce( HO), — insoluble in excess. 

2. JCHO and VaHO give a similar precipitate, turning to yellow ceroso<eric 

oxide — Ce,04— on the addition of chlorine water. 

3. (VH4),C,04 gives a white precipitate of cerous oxalate— CeC^O^ insoluble 

in excess, and not readily dissolved even by hydrochloric acid The 
presence of citric or tartaric acid does not interfere with this reaction. 

4. IL8U4 in a saturated solution causes the formation of white crystalline 

potassium cerium sulp>hate — K;Ce(SC),). — soluble in hot water. 

(A) DRY REACTIOXS. 

(To be practised on cerium oxalate. ) 

1. Heated to redness in contact with the air, a deep red residue of eerie 

oxide — Ce,(>3 — is obtained, difficultly soluble even in strong hydro- 
chloric arid. 

2. Heated in the borax Inrad, cerium behaves like iron in the outer flame, 

but the inner flame yields a colorless or o|>a(|ue yellow bead. 

m ALininmni (A1). 

(i») WET REACTIONS 
(To be practised on a solution of commit alum.) 

1. VH4HO in preunce of Hli^Cl {pvup rtaf^tnt\ gives a gebti nous white pre- 

cipiutc of aluminic hydrate — Al.iHO)«. This precipitate is slightljr 
soluble in a brge excess of the precipitant, but sefMirates completely on 
boiling. 

2. KHO and VaHO both give a similar precipitate, soluble in excess, but 

reprecipitated by boiling with an exc ess of ammonium chloride, or by 
neutralising with hydrochloric acid and Ixjiimg with a slight excess 
of ammonium hvdrate. 

3. Va^HPO, in thf presence of .VaC^HjO- or NH^CjHjOj gives a white 

[)reci[>itate of aluminic phosphate -.\IPC), — msoluble in hot acetic 
aci«l, but soluble m hydfiKhluric acid. The presence of citric or 
tartaric acids prevents the cx:< urrence of this reaction. 

Kb) PRY REACTION 

kXo be practised on drietl alum \ 

Heal strongly on chanoal l>efore the blompipe, when a strong in< an- 
dcscence is obscr\ed. and a white residue is left. Moisten this residue 
with a drop of solution of cobahous nitrate Co(N(>;). and again heat 
strongly, when a blue mass is left 'I*his test is not decisively c haracteristic, 
as other subsunces, such as xinc and earthy phosphates, show somewhat 
similar cul^nirs. 
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IT. CHEOMIUK (Cr). 
(a) WET REACTIONS. 
(To be practiied on a solution of poussium chromic chloride, prepared by 
dissolving poUMium dichromatc^lv,CT,0, — in water, acidulating with 
hydrochloric acid, heating and dropping in rectified spirit till (he solution 
tumi green.) 
I. VEfHO in tht prtitnit ^ VB,C1 {groufi reagent) precipitates green chromic 
hydrate — Cr^iHO), — slightly soluble in excess, but entirely rcprccipi- 
tated on boiling. The presence of citnc or tartaric add interferes 
with the completeness of this reaction. 
i. KHO, or laHO, gives similar precipitates, freely soluble in excess when 
cold, but entirely rcprecipitable by continued boiling. 

3. laOCn, or PbO^ boiled with an alkaline solution of a chromium salt, pro- 

duces a yellow solution of sodium chromate— Na-CrOi. 

4. VkSPO, in the pratma of VftC^^O, or ITH.C^O, throws down pale 

green chromic phosphate — C'rPO, ^soluble when freshly precipitated 
in excess of hot acetic acid, and freely soluble in hydrochloric acid. 
The presence of organic acids prevents this reaction. 

(h-) DRY REACTIONS. 

I. Healed in the borax bead in the inner blowpipe ilame, a fine green 
color is obtained. 

I. Fused on platinum foil, with a mixture of KNiCO, and KN'Oj, a yellow 
residue b obtained, consisting of chromates of the alkalies used. This 
mass is soluble in water, yielding a yellow solution turned deeper 
in color by the addition of hydrochloric acid, owing to the formation 
of dichromatcs, and becoming green on warming and dropinng in 
rectified spirit 

DIVISION B. 

Metals the hydrates of which, being soluble in excess of ammonium hydrate 

in the presence of ammonium chloride, escape precipitation by that reagent, 

but are separated as insoluble sulphides by the addition of ammonium sulphide 

to the same U<)uid. 

I MAHOAVESE <Md). 
{a\ WET REACTIONS. 

(To be practised on a solution of potassium manganous chloride, prepared by 

heating a solution of potassium permanganate with hydrochloric acid, and 

dropping in rectified spirit until a colorless solution is obtained.) 

I. >H^ in the freseme of VH^Cl and HH,HO {groMp rtugtnl) precipitates 

a llesh-colored manganous sulphide^ .MnS— soluble in dilute and 

cold hydrochloric acid (distinction from the sulphides of Xi and 

Co). It is also soluble in acetic acid (di^itinction from linc sulphide). 

This precipitate fonns sometime* very slowly and only aAer gently 

wanning. If a good excess of NH,('I has not been added, or if. alter 

•<t<!.ri^ the excess of ammonium hydrate, the solution be exi^iscd to 

the jir. K portion of the manganese will sometimes precipitate s)>onia- 

■•'. dioxyhydraic Mn,0,(HO);— and be faund with 

division of the thiid group. In this case its 
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presence will be easily made manifest du^ng the fusion for chromium 
by the residue being green. It is therefore evident that small quantities 
of manganese cannot be perfectly separated from large quantities of 
iron by NH.Cl and NH.HO only. 

2. KHO and VaHO both yield precipitates of manganous hydrate insoluble 

in excess, and converted by boiling into dark brown manganic dioxy- 
hvdrate— Mn,0,(HO)^ 

3. VH^MO gives a similar precipitate, soluble in excess of ammonium chloride, 

but gradually depositing as MnfO}(HO)| by exposure to the air. For 
this reason, if the presence of manganese be suspected, the addition of 
NH^Cl and NH^HO must be followed by instant filtration, and any 
cloudiness coming in the filtrate must be simply taken as indicating 
manganese, and disregarded. 

4. K^FeCyi^ gives a precipitate of manganous ferrocyanide — Mn,FcCye — ver)* 

liable to be mistaken for the corresponding zinc com|x>und. 

5. lk)iled with plumbic peroxide and nitric acid a violet color is produced in 

the liiiuid. due to the formation of permanganic acid. (Crum'i test.) 

(A) DRY RE ACTIONS, 

(To be practised upon manganese peroxide — .MnO^) 

1. Fused on platinum foil with RNaCO, and KNO,, a green mass of 

mangarutes of the alkalies is formed. This residue is soluble in water, 
yielding a green solution, turning pur{)le on boiling, owing to the 
formation of i>ermaoganates. The solution is rendered colorless by 
heating with hydrochloric acid and dropping in rectified spirit, the 
operation being acromf>anied by the odor of aUlchyd. 

2. Heated in the Ix^rax bead m the outer blowpifn: flame, a color is produced 

which is violet -red while hot and amethyst on cooling. The bead is 
rendered colorless by the reducing flame. 

iL znic (Zb). 

(J) WET REACTIONS. 

(To be practised on /inc sulphate -ZnSO^.) 

1. HH^HS in th( fresfme of HH^Cl and HH^HO (^roup reai^emt) gives a while 

(irecipitatc of /inc sulphide /nS— insoluble m acetic acid, but readily 
soluble in dilut e hy drochloric acid. 

2. JCHO, VaHO. and HH^HO, all give precipiutes of gelatinous white zinc 

hydrate, soluble in excess to form /inrales. The addition of sulphu- 
retted hydrogen or ammonium sulphide repreci{>itates the /inc as zinc 
sulphide- ZnS. 

3. K^FaCy^ gives a gelatinous white precipitate of zinc ferrocyanide — 

Zn.Fc<'y, insoluble in dilute acids. 
4 Alkaline 6Lrboiuit6f prcripiute /.nC(V''n^HO).Jr(>"-/inc hydrato 
carlHjnatc insoluMt m excess kA the carbonates of ]M»tassium and 
so*iium. l»ut soluble m that of ammonium . The biter solution, dilutcii 
ami btulcd. deiKj^^its the oxide. 

it) DRY REACT/OXS. 

( lo Ik jiractised on /inc carboaatc > 

I. Salts of zir.c heatcii leave the oxide, \clk»ii nKi!c Kct, And «ih.le on 
coolinij. 
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a. Heated on charcoal before the blow-pipe an incrustation forms, yellow 
while hot, and white on cooling. Moisten with a drop of cobahous 
nitrate — Co(NO,), — and again heat in the outer (lame, when a fine 
green color is produced. 

m. HICKSL (Vi». 

(a) WET REACTIONS. 
(To be practised on a solution of nickelous sulphate — N1SO4.) 

1 . VH4H8 in thi presence of VH^Cl and VH^HO iji^roup reagent) gives a black 

precipitate of nickelous sulphi<le — NiS —slightly soluble in excess, but 
entirely prccipitatetl on boiling. It is not soluble in cold dilute 
hydrochloric or in acetic acid, but requires boiling with strong 
hydrochloric acid, and sometimes even the addition of a drop or two 
of nitric acid. 

2. KHO or VaHO both give a green precipitate of nickelous hydrate — 
Ni(HO)j — unaltered by boiling (distinction from cobalt). 

3. mO| added to a neutral solution, followed by an excess of acetic acid, 

gives no precipitate (after standing some hours) on the addition of 
potassiuni acetate and rectified spirit (very useful separation from 
cobalt ). 

4. KCy in excess produces a greenish-yellow precipitate of nickelous cyanide 

— NiCy, — which (juickly reilus^olves. On adding a drop of hydro- 
chloric acid and boiling in a fume chamber, and repeating this till no 
more fumes of hydrocyanic acid come off, and then adding sodium 
hydrate, a precipitate of nickel hydrate is produced. It is better, 
although less convenient, to use a strong solution of chlorinated so<la 
— NaClNaClO—in the last stage, when nickelic hydrate— Ni( HO).. - 
is slowly precipitated (sefxiration from Co, which gives no precipitate). 

5. Alkaline CarboBatM behave, so far as color and solubility in excess are 

concerned, like their respective hydrates. 

(f>) DR y REACT/OXS. 

1. Heated on charcoal with Na.COj in the inner blowpipe llamc, a grey 

metallic and magnetic powder is produced. 

2. Heated in the borax bead m the outer blowpipe dame, red to violet-brown 

is produced while hot, and a yellowish to sherry-red when cold 
'l*he$e colors might be mistaken for those of iron ; but on fu!»mg a 
small fragment of potassium nitrate with the bead, its color at once 
changes to blue or dark purple (distmction from Fe). 

IV COBALT ^Co; 

itfj WET REACT/OXS. 
(To be practised on a solution of cobaltou^ nitrate —(^ofNOj):) 

I. VH^HS in the presence of VH^Cl and VH^HO {j^roup reagent ^ gives a black 

|>recipitate of cobaltous sulphide -CoS -insoluble in acetic and cold 

dilute hydrochloric acid, and re<iuiring to be boiled with the strongest 

HCl, often with the addition of a drop or two of nitric acid l)efore 

solution is effected. 

a. KBO, or VaHO, gives a blue precipiutc of co!)altous hydrate — Co( HOi, — 
rapidly changing to |)ink on boiling < distinction from nickeb. 

y KCj gives a light brown precipuate of cobaltous cyanide, rapidly soluble 
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in excess but rcprecipitated by excess of dilute hydrochloric acid. Ift 
however, the HCl be added drop by drop just so long as it causes 
the evolution of hydrocyanic acid fumes on boiling,* soluble |x>tassiuin 
cobaltiryanide-R^Co.Cy, J— results, which is not decomposed by 
hydrochloric acid ; nor is any precipitate produced on adding excess 
of sodium hydrate or chlorinated soda (separation from nickel). 
4. Alkaline Carbonates throw down basic carbonates, behaving like the 
respective hydrates. 

(b) DRY REACT/OyS, 

1. Heated on charcoal with Na^COj in the inner blowpi|)e flame, the cobalt 

separates as a grey magnetic |x)wder. 

2. Heated in the borax bead, first in the cutrr and then in the inner flame, 

a fmc blue color is produced. It is an im]K)rtant distinction of cobalt 
from copper, manganese, etc., that prolon^td heating in the inner jiamt 
does not affect this Nye, 



GROUP IV. 

Metals the hydrates and sulphides of which, being soluble, are not precipi- 
Uted by the addition of NH^HO and NH^H.S in the presence of NH^Cl, 
but separate as insoluble carbonates on the addition of ammonium carbonate 
to the same solution. 

I. BA&mM (Ba). 

(a) WET REACTIONS. 
(To be practised on a solution of barium chloride — BaCl,.) 

1. (VH^).^, in the prtseme of NH/'l and NH^HO \group reagent) produces 

a white i>recipitate of barium carbonate, HaCOj, soluble with 
efTcr\c'scenc'e in dilute acetic acid. 

2. H^80, and all soluble Snlpkatoi give a white precipitate of barium sul- 

piuite - lUSO, — insoluble in ammonium acetate or tartrate (distmction 
from PbSO^) and also in boiling nitric acid. 

3. K^.CrO^ gi^es a >cllow prc(ij»itate of barium chromate—HaCK)^— insoluble 

in water and in dilute acetic acid, but soluble in hydrochloric acid 
(distinction from Sr and Ca). 

4. (VH^t^C.O^ gives a white precipitate of barium oxalate lUC^O^ -not 

readily formed in the presence of much acetic at id. 

5. Va^HPO^ gives a «ihiic precipitate of barium hyilrogcn phf>sphate — 

liaHP(>4— soluble in acetic at id. and to some extent in ammonium 
chloride. 

Khy DRY REACTION 

(To lie also practised on barium chloride.) 

If a platinum wire be dipfKrd first in hydrochloric acid and then in the salt 
and hel<l in the inner bloHpi|>e or liumen flame, the outer flame is < olored 
yellowish ^reen. 

• Tlii% n;u*! l< ■!• 'x -.v. 1 f.irnr vhauJcr, a% \\ 1* x )\'^\,\y |»>ii%ufiuu« "iTi^tiMii if the funict 
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n. sTEOvrmM (Sr). 

[a) WET REACTIONS. 

(To be practised on strontium nitrate — Sr(NO|)).) 

I. (VH^)^COj {j^roup reagent) in the pustnce of VH^Cl and VH^HO gives a 
white (irecipitate of strontium carbonate — SrCO) — soluble in dilute 
acetic acid. 

a. HjSO^, or a soluble sulphate (preferably calcium sulphate), >nelds a white 
precipitate of strontium sulphate — SrS(\ — which only separates com- 
pletely from dilute solutions on allowing them to stand in a warm 
place for some hours. It is insoluble in a boiling strong solution of 
ammonium sulphate rendered alkaline by ammonium hydrate (distinc- 
tion from calcium sulphate). 

y The other reactions are similar to those of calcium. 

(b)DRY REACTION, 

(To be also practised on Sr(NOj),.) 

A platinum wire moistened with hydrochloric acid, dipped in the substance 
and introduced into the inner blowpipe or Bunsen flame, colors the outer 
flame crimson. 

m. cALcnni (Ca). 

{a) UET REACTIONS, 

(To be practised on a solution of calcium chloride — CaClj. ) 

I. (VB^)|CO, in presence of VH^Cl and VH^HO {grvup reagent) produces a 
white precipitate of calcium carbonate — CaCOj — soluble in acetic acid 
a nd settling best on wanning. 

a. {JSK^\C^O^ precipitates white calcium oxalate — CaC^O^-- insoluble in 
acetic or oxalic acids, but soluble in hydrochloric acid. 

3. HjM^ in strong solutions produces a precipitate of calcium sulphate — 

CaSO^. Being slightly soluble in water, it does not form in dilute 
solutions, nor is it precipitated by a saturated solution of calcium 
su1|ihate (distinction from Ha and Sr). It is soluble in a boiling 
saturated solution of ammonium sulphate containing excess of ammo- 
nium hydrate, but (|uite insoluble in a mixture of two parts akohol 
and one |>art water. 

4. Va,HPO| produces a white precipitate of calcium phosphate soluble in 

acetic acid. 

(A) DRY REACTION 

(To be practised on calcium carbonate — CaCOj.) 

A platinum wire moistened with hydrochloric acid, dipped in the substance 
and held in the inner blowpi|>e or Bunsen flame, colors the outer flame 
yellowish-red. This reaction is masked by the presence of bartum ur 
ttfootiuro. 
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GROUP V. 

Metals not precipitable either as sulphide, hydrate, or carbonate, including 
magnesium the precipitation of which as hydrate or carbonate has been 
prevented by the presence of ammonium chloride. 

I. MAGNESIUM (Mg). 

{a) WET REACTIONS, 

(To be practised on a solution of magnesium sulphate — MgS04.) 

1 . Na^^HPO^ in the presence <2/" NH4CI and NH4HO produces a white crystalline 

precipitate of ammonium magnesium phosphate — MgNH4P04. It 
is slightly soluble in water, and scarcely at all in water containing 
ammonium hydrate, but entirely soluble in all acids. In very dilute 
solutions it only forms on cooling and shaking violently, or on nibbing 
the inside of the tube with a glass rod. 

2. (NH4)2HAs04 produces a similar precipitate of MgNH4As04, possessing 

like features. 

3. KHO, NaHO, and NH4HO give precipitates of magnesium hydrate — 

Mg(H0)2 — insoluble in excess, but soluble in the presence of 
ammonium salts. The alkaline carbonates (except ammonium 
carbonate) precipitate magnesium carbonate, also soluble in ammonium 
salts. 

4. Ga(H0)2 and Ba(H0)2 produce a similar effect. Either of these reagents is 

useful for the separation of magnesium from all the alkalies except 
V ammonium. The solution, which must contain no ammonium salts, is 
treated with excess of either lime or baryta water. The precipitated 
magnesium hydrate is then filtered out and excess of ammonium 
carbonate added, which precipitates in turn the excess of Ca or Ba 
employed, and leaves K, Na, or Li in solution. 

[b) DRY REACTION, 

(To be practised on magnesium oxide.) 

Heated on charcoal before the blowpipe, it becomes strongly incandescent, 
and leaves a white residue, which when moistened with a drop of solution or 
cobaltous nitrate — Co(N03)2 — and again heated, becomes rose-colored. This 
test is not, however, infallible. 

II. LITHIUM (Li). 

{a) WET REACTIONS. 

(To be practised on a solution of lithium chloride, prepared by dissolving 

lithium carbonate in dilute hydrochloric acid.) 

1. Na2HF04 in strong solutions produces a white precipitate of lithium phos- 

phate — Li3P04 — on boiling only (distinction from Mg). It is soluble 
in hydrochloric acid, and reprecipitated by boiling with ammonium 
hydrate. 

2. Ha^GOs and even NaHO, in very strong solutions, yield the carbonate and 

hydrate respectively. 

3. PtCl4 gives no precipitate (distinction from potassium). 
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{b) DRY REACTION. 
(To be practised with lithium carbonate.) 

A platinum wire, moistened with hydrochloric acid, dipi>ed in the subj»tance 
and held in the inner blowpipe or Bunsen fiame, colors the outer tlame 
carmine red. The presence of sodium disguises this reaction. 

m. POTASSIUM (K). 
WET REACTIONS. 

(To be practised on solution of potassium carbonate treated with dilute HCl 
till effervescence ceases, forming potassium chloride — KCl.) 

1 . PtCl^, in strong solutions, gives a yellow crystalline precipitate of potas- 

sium pUtino-chloride — K;PtCl^ — soluble on great dilution, especially 
on warming, but insoluble in acids, alcohol and ether. 

2. HyC^H^O^ throws down, from strong solutions only, a white crystalline 

precipitate of potassium hydrogen tartrate — KHC.^H^O^ — soluble in 
much cold water, rather freely in hot water, readily in acids and in 
KHO or NaHO, and not formed unless the original solution be nearly 
neutral. Its separation is facilitated by stirring and shaking violently, 
in which case it settles ((uickly. 

3. H^SiP^ (hy draft uosilicic acid) yields while gelatinous i)otassium fluosilicate - 

K^iFj — sj>anngly soluble in water. 

DRY REACTION. 

(To be practised on i>otassium carbonate — KjCOj.) 

Dip a platinum wire, moistened with HCl, in the salt. Held in a Bunsen 
flame a vioiet co/or is imi)arted. The masking effect of Na (yeilow) is 
obviated by viewing the flame through indigo glass. 

IV. SODnW (Ha). 

UET REACTIONS. 

(To be tested with solution of sodium chloride — NaCl.) 

1. KSbOj {potassium metatitimoniate) gives a white granular precipitate of 

sodium me/an/imonia/e SaShOj^ — from strong solutions only, which 
must l>c neutral or alkaline. This precipitate is insoluble in alcohol. 

2. H^SiP^ gives a similar precipitate to that obtained with K sails in concen 

trated solutions only. 
Sodium salts are, practically, all soluble in water, and there is no thoroug;hly 
trustworthy wet reat lion which can be applitni to delect small (luantuies. 
If we have a solution which gives no precipitate with any of the group 
reagents, but leaves, on evai>orating, a fixed residue capable of imparting a 
i/rtmg /e/loTi' codor to the Bunsen flame (dry reaction), we may infer with 
certainty the presence of sodium. 

V. AKMOHIUlf (ITH,). 
WET REACTIONS. 

(To be tested with solution of ammonium chloride -NH^CL) 

I. PtCl« produces a heavy yellow precipitate of ammonium platino-chloridc 

(NH^jJ'lCl;, — which, being rather soluble in water, is not formed in 
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dilute solutions, unless alcohol, in which it is insoluble, be added in 
considerable quantity. When ignited, pure spongy platinum is left 
This precipitate may be distinguished from that with K salts by adding, 
after ignition, a little water and AgNO^, when no white precipitate of 
AgCl is formed (the K salt leaves KCl on being strongly heated). 

2. HyC^H^O^ yields ammonium hydrogen Urtrate — (NH4)HC4H40« — almost 

identical with RHC^HiO^ in its properties. On ignition, however, the 
latter gives a black residue, which turns moistened red litmus paper 
blue (KfCO, and C)» the former leaving pure C without reaction. 

3. VaHO or Ca(HO)| boiled with the solution causes the evolution of ammonia 

gas— NH|. A glass rod dipfied in HCl or HCiHjO. produces, when 
held over a mixture evolving NH^ white clouds (solid NH4 salts), and 
moist red litmus pa|>er is turned blue. 

4. Veaaler't Solution (Hgl, dissolved in KI and KHO added) gives ^yelhw 

or brcum cohr or a btvivn prtdpitaU of N(Hg")jI with all NH^ salts. 
This reaction is extremely delicate, and the estimation of NH4 in 
water is founded upon it 

DRY REACTWXS. 

Ammonium salts volatilise (1) with decomposition, leaving a fixed acid 
\e^,<, phosphate); (2) with decomposition, leaving no residue whatever (e.j^,^ 
sulphate, nitrate) ; (3) without decomposition, when they are said to skb/ittu 
{r,g^ chloride, bromide, etc.) 
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CHAPTER IH. 

DETECTION AND SEPARATION OP ACIDULOUS 

RADICALS. 



1. HTDROFLUO&IC ACID and FLUORIDBS. 

(The lest for fluorides undernoted may be practised on fluor spar — CaF,.) 

HjdroilQorie Aeid, or Fluoric Acid, is known,— 

1. By its strongly acid reaction and corrosive i)Ower. 

2. By its action uix)n glass, from which it dissolves out silicic acid — 

SiOj — thus roughening the surface and rendering it semi-ojKHiue 
or translucent, and while ; a colorless gas, silicic fluoride — 
SiF^ — passing off. 

Flnoridet are detected as follows : — 

The mineral or salt is fmely powdered, and introduced into a leaden dish 
with a little sulphuric acid. A piece of glass, previously prei>ared by coating 
its surface with wax, and etching a few letters on the waxed side with the 
point of a pin, is placed over the dish, waxed side down. .\ gentle heat is 
then applied, but not sufficient to melt the wax, and the o[>eration continued 
for tome time. The glass is then taken off, and the wax removed from it ; 
when, if fluorine was present, the letters written on the waxed surface will be 
found engraved upon it by the action of the hydrofluoric acid. 

2. CHLORIVE, HTDROCHLO&IC ACID, and CHLORIDES. 

Free CUorine— CL — mav be delected, - 

1. By its odor. 

2. By turning |)aper dipped in solution of |>otassium iodide brown. 

3. By bleachmg a solution of indigo or litmus. 

Hydroehloric Add -HCl-may be recognised, - 

1. By its acidity and oiior of its fumes. 

2. By producing dense white fumes when a rod dipped in ammonium 

hvdrate is held over the mouth of the bottle. 

3. By giving a curdy white precipitate of argentic chloride with argentic 

nitrate, instantly soluble in ammonium hydrate. 

CUoiidat give the following reactions (to be practised with any soluble 

chloride, say NaCl) : — 

1. Heated with sulphuric acid they evolve white fumes of HCl. 

2. Heatei! with H^SO^ and MnO. they evolve chlorine. 

3 A|^VO. in the prfstna of HNOj gives a white precipitate of argenlic 
chloritle .XgCl— insoluble in l>oiling nitric acid, but instantly 
soluble in dilute ammonium h)drate of a strength of 1 in 20. 
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4. The solid substance mixed with K.CrO; and distilled wth H,SO, 

yields chloro-chromic acid— CrCLO,- -in red fumes which, when 

passed into dilute ammonium hydrate, color it yellow, owing to 

the formation of ammonium chromate — (NH|)j,CrO|. The 

yellow shouhl change readily to green on the addition of a 

few drops of sulphurous acid. 

Insoluble CUoridet should ht first boiled with strong sodium hydrate and 

the whole diluted and filtered. The chloride is then transferred to the 

sodium, and is to t>e searched for in the filtrate by acidulating with nitric acid 

ami adding argentic nitrate, as above described. 

3. HTP0CHL0EITE8. 

( Practise on a solution of chlorinated lim e.) 

Hy|)Ochloritcs are all readily soluble in water, are contained in the so-called 
ihlorinated compounds, and are recognised — 

1. By having an odor of chlorine. 

2. By giving a blue with }>otassium iodide, search paste and acetic acid, 

due to liberation of < hlorinc. 

4. CHLORATES. 

• To be practised on ]>otassium chlorate— KCiO..) 

1. Heated on charcoal, ihey deflagrate. 

2. Heated with strong sulphurir acid, they ovuKc chlorine peroxide — 

('!«(), — which is yellow and cxplosivt*. 

3. Their solutions yieM no precipitate with argentic nitrate ; but if a 

little of the solid be heated to retlness, and the residue dissolved 
in water, a precipitate of argentic < hloride is obtained. The 
same reduction from chlorate to chloride may also be effected 
by adding zinc and dilute sulphuric acid to the solution. 

4. Mixed with K.I and starch faste and acidulated with acetic acid 

they give no blue (distimtion from hy{)ochloritcs), but on 
adding \\i\ a blue is <lcvcloped. 

S SEPiJLATIOV OF CHL0HATB8 AVD CHLORIDSS. 

• Practise on mixed solutions of K<'1 and KCH)..» 

Add ix^ai of argentic nitrate, filter out the argentic < hloride formed, and 
then acidulate with Nulphuric acid, and drop in a fragment of /inr, when, if a 
chlorate be ] 'resent, a second pre« ipitate of argentic chlondc will fonn. 

6. PERCHL0RATB8. 

Ih'-«"C art? tJ.''ir^-,;%V.riI fi- m ^.hlintr* 

I. It) i:«Mti»; <•« j<-ttM«>f: av>-l. «J»m heaTcl »:'h «ul{ hunc aci-i. with^nit r%pl«Mi«ili 

• r r\->luti'>n --f ^.K^ f.nr i«cT'>»:'lf 

I I :'*• J; -fa'c N the} XK jUifj fc ■■-».•; n r<» c Ion ic» Vi-.fc i^iv.n^; 1 prnipila't «itll 
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7 BEOMIVE. HTDROBROMIC ACID, and BR0HIDB8. 

BrOBiBf IS distinguished. — 

I. I>y its ap{<arance -heavy, red« ish-bro^n Iiipiid. giving off reddish 
fumes ot a \kt\ |jenetratini;, un|>leasant odor. 
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2. By turning starch paste yellow or pink. 

3. Whtfi present in small c}uantity in solution, on adding a few dro|>s 

of chloroform and shaking, an orange color is imparted to 
that liquid, which sinks to the bottom of the aqueous solution. 
Hydrobromio Add is kno^-n,— 

By its acid reaction and the production of fumes of bromine when 
heated with strong sulphuric acid. 

Bromidet are all soluble in water, except the silver, mercurous and lead salts ; 

they are detected by the following characters (to be practised 
on potassium bromide— K Br) : — 

1. Heated with strong fulphnric add, they evolve red vajKirs of 

bromine. 

2. .\ similar effect is produced by fulphnric add and metallic 

diozidM, such as FbO., NfnO^ 

3. Mixed with ttaroh pafte^ and a few drops of chlorine water 

carefully added, they give an orange color (starch bromide). 

4. Mixed in a long tube with chloroform, and a few drops of chlorine 

water added, the whole, when shaken well together, leaves a 
characteristic reddish -colored stratum at the bottom of the 
liquid in the tube, due to free bromine in the chloroform. 

5. With argentic nitrate they give a dirty-wiutc precipitate of argentic 

bromide, insoluble in nitric acid, slowly soluble in ammonium 
hydrate, but insoluble in dilute NH,MO, of a strength of i in 20 
(argentic chloride dissolves). 

6. Distilled with potaidom dichromate and tnlphnric acid, red fumes 

are evolved, which give no color when i)assed into ammonium 
hydrate (distinction from chlorides). 
Insoluble Bromidet should be first boiled with NallO, as described under 
insoluble chlorides. 

8. DBTBCnOV OF CHLORIDBS IH THE PRBSEHCB OF BEOMIDES 

(To be practised on a mixture of KCl and KBr.) 

The solution is divided into two parts, in one of which the bromide is [>roved 
by the addition of chlorine water, and shaking up with chloroform. The 
secoDd portion is either — ( 1 ) Evaporated to drj-ness, the residue placed in 
a tube retort with a little potassium dichromate and sulphuric ac id, while into 
the receiver is placed a little dilute ammonium hydrate, and distillation is 
proceeded with, when, if a chloride be present, the liquid in the receiver will 
be coloretl yellow; or — ^21 Precipitated with excess of AgNOj, washed on a 
filter percolated with dilute NH^HO (1 in 20) and nitric acid adiled to the 
percolate, when a tiistincth curdy white pretipitale pro\'es the presence of 
chlorides. This latter method is simple, and rarely fails if. on adding the acid. 
a mere cloud be disregarded. 

9. HTP0BS0MITE8. 

Th«< Aft very ^imiUr to h)rp<KhIoriic>, ami react a% follours : — 

1. Tnev clecooprMc hy heat, leaving a bn>mitlc ; 

2. On butltng with an alkali, a mixture ••( t>romi*ic an*! tiromatc rt^ulK. 

10. BBOMATE8. 

Thr*« are r€c<»|fni%e«l — 

1. !iy ()eflaf:ratin|; on charcoal, leaving the C'»rre'»j«>mling l»romi«le. 

2. by lihcrattng Itromine on the addttitm of dilute vulphurous aci<l. 
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II lODDTE. HYD&IODIC ACID, and IODIDES. 

lodint is readily known by its glistening ))lack scales, its odor, the violet 
vai>or tm heating, and the [>roduction of blue iodide of starch on adding a 
solution to starch paste. 

Hydriodic Acid, in the gaseous state, is known by the fonnation of a brown 
color on holding jiaper inoistene<l with chlorine water (blue if also dipped ta 
starch jasie) over a tul>e in which it is t>eing evolved. 

Iodides are readily known t>y the following reactions (which may be prac- 
tised on a solution of iK)tas.sium iodide, Kl ) : — 

1. Heated with strong sulphuric acid they give a lit>eration of iodine 

with violet fumes. 

2. Xuoilage of Starch and nitric acid or chlorine water (if not added 

to<} plentifully), produces blue icxlide of st.irrh, decomi>ose<l by 
heal but rc-forme<l on cooling ; also <lesiroyed by excess of CI 
fioiine iri* hloride ICI3 — being produce \). 
;. The light yell«)w precipitate of argentic iodide -Agl —formed when 
a solution (containing alkaline metals only) is added to 
argentic nitrate dissolved in water. l*hc preripitate. when 
freed from the su])ern.itant li«{uid, docs not dissolve in hot 
HNT)^, and is pratticallv insoluble in ammonium hydrate, 
being thus distinguished from a chloride. 

4, A Hfutrai solution (protiuce*!, \\ alkaline in the first place, 4)y the 

cautious addition of dilute MNO^; if acid, by dropping in 
KHO solution until test-pai^-r is unaffected) gives with one 
]iart oi cnpric tnlphate -(*uSO, -ami three {arts, or rather 
less, of ferrous tolphate FeSO, dissolved in a little water, 
a greyish pre* ipitate of cnproos iodide ((.'n. )'I ;. 

The same prei ipitate is produret! if tnlphuroilt acid — H,SOj 
Ik: used uith the < upric sul)»hate instead of ferrous sulphate. 

5. Palladiont Chloride IM( 1. or palladioas nitrate— rd(. NO,),— 

gives a l>la( k pre< ipitate of pailadioni iodide IML — decom- 
}K>sed soineuhat I'elow the temperature of boiling mercury, 
iodine licmg e\olveti. and the metal left. This is a very 
exjiensixe but ctfit ient si-paration. 
(*. Mercuric < hlonde and plumbir nitrate give respectively red and 
yellow ]*rei ipitates with soluble UMlules. • 

12. DETECTION OF BROMIDES Dl THE PRESEVCE OF lODIDBI. 

• Trartise «'n a iiiixture ot KMr and KI.i 

Add to the s4iIution a very Mnail •;-iantity of starch |aste and then a drop 
or two tit I hinrine waur. uhcri a \^.\\v cn'.or w.Il Ih.* prtxl'ifed. pruving the 
tiNiide C<'n:mue to sM m^re < hiwr:nr Aattr until this blue is entirely dift- 
( harged, ami then khakv *.ip with < h'.«iri>t«irni. uhen. if a bn<!nide \< present, the 
< l.arac:i-r.>ti« ^••Men ••>'. >r Mill be r finKuunu .ited to the Lriluroforni. 

1& DETECTION OF CHLORIDES IN THE PRESENCE OF IODIDES. 

Trartise on a ii.ixturL- ^'t K<'i and kl.< 

Add c\« CNs 'if art:cntii nitrate, warm, j^tir <•!? the si:iK:rnatant li<(uid, wash 
wil'-i warm water. ar.I shake up !*ie pro :p;',.iTe v\ *\\\'.\\f: s-ilutnin of ammonium 
h\dra:i 1 .n ; I he .ir^" nti* ujii-.de will rip-.r;: :n<^<<ujbii-. while the < hloride 
mil! d>s4»Ue and ina\ l;e detctted m the si>*.iti<«n altir iiitraliun !iy reprcci|iita- 
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tion with excess of nitric acid As argentic iodide is not absolutely insoluble 
in ammonium hydrate, a mere cloud on adding the nitric acid is to be dis- 
regarded. This test is only accurate in the insured absence of a bromide, 
proved as above directed (see 12). 

14. SSPiJLAnOV OF AH IODIDE FKOX A BEOXIDS AVD CHLORIDS. 

(PractlM.* on a mixture of K^I, KHr. an<l KI) 

1. Add to the solution a mixture of one )>art eapric aalphAt* aiH! three (>aru 

ftrroat aalpliaU. or mix the M>hiti<in with cxcev( ^f eaprio lalphAta and 
tir«»p in inlpharoai aeid till prectpttarian cea>4.*s. The UMlule will <tei>arate 
aA cupnm* ttMiide— Cu,I, leavini* the brumi^le and chloride m solution. 
I'niexs carefully dime, this vcrparation w not al»v»lutely accurate. 

2. Add to the solution pallajioun nitrate until precipitation ceaMriu Kihcr out the 

)>alladious i(Kli<ic which >e(>arate«, and (ta\> <»ulphurette<i hydri>(i;en throui|;h 
the litjuid to remove excex^ of palladium, and a|;tin filter. Ii«>il to cx{h:1 the 
excels of II,S, and the br's>mi<ie and chloride remain in ^solution. 

15. I0DATB8. 

J'ractise on <»olution of }K)ta'iMttni i<Mlatc. ) 

Iodaiei» are kno\»n, — 

1. Hy ijiving, when heateii ^ith -^tronjj sulphuric acid, effects likely to l)c mistaken 

for cnloralc*. 

2. Hy i*iving a blue with starch pa>ti* on the addition of sulphurous acid. ^ 

3. liy giving a blue with starch |aste on the addition of }M>tavsium iodiiie and yi 

tartaric acid. 

4. By yielding a precipitate of ferric oxy-ioflate on adding ferric chloride. 

Ifia. DETECTION OF AH lODATE IH AH IODIDE. 

\ Practise on a solution of ioiline in heated potassium hydrate — K I + KI( )3.) 

When excess of tartaric acid is added to potassium iodate, io<iic acid is set 
free ; and when the same acid is added to i)otassium iodide, hydriodic acid is 
set free, and potassium hydro-tartrate formed. Thus : 

5KI-fKIO,-h6H,C\H,0«=5HI-l-HIO, f6KHC.\H,(V 

If these acids be thus liberated together, they immediately decompose, 
ibrming water and free iodine : 

If therefore starch paste and tartaric acid Iht added to pure pota<^ium iodide 
DO coloration takes place, because only hydriodic acid is liberated ; but it the 
sample contains |>otassium iodate, an immediate pro<luction of free iodine 
eosycs. which turns the starch blue. 

16 PEEI0DATE8 

• are distinguisheti, 

1. By pfecipitaiing with bariam ekloridt — lia< 1, -in a neutral j^olution and «lige»t> 
ifig in uaaoaimm earboaat* to uhich some NII^Ilu hax Iteen ailde^l. The 

pen««lat(- is ni»t dfci»in|w>s*-.! bwlates leave liarium caiUmate, which when 
«ashol flt.ss4i:\r<k m at.i«l with etferveM.xrnie. 

2. By »lding llg(N< »»>, an«l treating the yelloni^.h precipitate with Sn("l^ It turns 

green. Ilgl, l>eing pn-lucnl. 

17 WATEE and HTDEATE8. 

Wttcr is recognised. — 

I. By its absolute neutrality to test paper. 

a. By its evaporating without residue, fumes or odor of any kind. 

3 
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3. By its turning white anhydrous cupric sulphate blue. 

4. By its yielding pure hydrogen when boiled and the steam pa»ed 

slowly over copper turnings heated to bright redness in an iroo 
tul>e. 

5. By its undergoing electrolysis, and yielding hydrogen at the negatife 

and oxygen at the positive electrode. 

Thf soluble Hydrates, viz., KHO, NaHO, UHO, Ba(HO).^ Sr(HO».^ and 
Ca(H()>.. are known, — 

1. By being more or less soluble in cold water, yielding solutions 

which are strongly alkaline to test-ia])er. 

2. By dissolving in hydrochloric acid without effervescence and without 

smell. 

3. By giving a brownish-black prcci[>itate of argentic oxide — Ag^O — 

with argentir nitrate. 

The inaolnble Hydratat are recognised, - 

By giving off steam when heated in a dry test-tube, and leaving a 
residue whi< h behaves like the corresponding oxide. 

18. OXIDES. 

.\ll oxides are insoluble in water. Those of K, Na, Li, Ba. Sr, and Ca, 
when placed in contact with that liquid, unite with it to form hydrates, which 
dissolve with a greater or less degree of readiness and give the characters of 
the soluble h\drates already mentioned. 

■ornud Ozidet can only t>e recognised by negative results, such as : — 

1. lieated alone, the>' are not changed; except argentic oxide, which 

leaves the metal, and mercuric oxide, which volatilises and 
breaks up into the metal and oxygen. 

2. They are insoluble in water (exceptions K. Na, Li, Ca, Ba, and Sr, 

<onverted info soluble h\dratesK but soluble in hydrochloric or 
nitric acid without effervescence and without smelL 

3. .\ftcr disM)l\inj: and removing the metal by HjS or -N'a.COj as most 

convenient, no acidulous radical is found, other than that of 
the acid used to di*>solve. 

4. Boiled uith strong NallO and filtered, or fu?e<i with KNa('0| and 

digested with water, the solution gives no reaction for any acid 
radical ext ej>t the sciluble hydrate or cartn^nate employed. 

Peroxides, on anount of their (ontatning an excess of oxygen, dicTer from 
normal oxides * practise on MnO.i, - 

1. By guing off oxygen nhen strongly heated. 

2. By evoUmg t hlorine when heated with hydro< hloric acid, 

19. SITLPHUB, HTDROSULPHUSIC ACID, aad 8VLPHISE8. 

Ordinary Solphnr is rr« ognisetl. — 

1. By Its butnmg entirely away with a pale blue flame, and evolving 

sulphurous anhydride. 

2. Itv Its insolubihtv m all <»rdinan' menstrua, such as water, alcohol, 

and cthrr. but iii&S4»lving readily in carbon disulphide. 
V When sUmly heated in a tulje. it first melts, then thukens. then 
mi'l!<^ .igain, and t'liully boils, the va|*<>r taking fire and forming 
^i: {V.uri'Us anhydride 
Predpitated Solphor |)ossesaet the above characters, and is specially distin- 
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gutshcfl from ordinary sulphur b^ being quite amorphous under 
the microscope, while the latter is crysullioe. 
Hydnmlphnric Add (sulphuretted hydrogen) is known, — 

1. By being a colorless gas with a disgusting odor of rotten eggs, and 

inflammable, burning in the air to produce sulphurous acid. 

2. By turning a piece of paper black, which has been moistened with 

solution of plumbic acetate and held over the mouth of the tube 
or jet from which it issues. 

Vonud Sulphides are divisible into five classes : — 

1. Soluble in water, including the sulphides of K., Na, NH^, Ca, Sr, Ba 

and Nfg. 

2. Insoluble in water, but readily soluble in dilute hydrochloric acid, 

including those of Fe, Mn, Zn. 

3. Insoluble in dilute, but soluble in strong boiling hydrochloric acid, 

including the sulphides of Ni, Co, Sb and Sn (PbS is also 
slightly affected, but seprates on cooling, as chloride). 

4. Insoluble in hydrochloric acid, but attacked by strong heated nitric 

acid, being converted wholly or partially into sulphates. These 
include the sulphides of Pb, .\g, Bi, Cu (arsenious sulphide is 
slowly affected ). 

5. Not dissolved by any single acid, but converted into a soluble 

sulphate by the action of nitro hydrochloric acid, or hydro- 
chloric acid and potassium chlorate ; including those of 
Hg, As, Au, and PL 

Mphidat MlaUe in water or in hTdrochloric add are recognised (practise 
on solution of Na^). — 

1. By giving off sulphuretteil hydrogen when heated with that acid, 

which gives the smell and reactions already noted. 

2. Soluble sulphides precipitate solutions of lead and cadmium, black 

, and yellow respectively. 

3. Soluble sulphides give a pur()le color with sodium nitroprusside 

only after the addition of a soluble hydrate. 

Snlpkidet insoluble in hydrochloric add are best detected (practise on 
vermilion),— 

1. By heating with strong nitric or nitro-hydrochloric acid, diluting 

the solution, and testing for a sulphatt with barium chloride 
(see 24). 

2. By fusion with KNaCOj and KNO^, digesting the residue in water, 

filtering and testing the solution for a sulphate formed by the 
oxidising action of the potassium nitrate. 

3. Mix a little with sodium carbonate and borax, and heat on charcoal 

before the blowpipe. Remove the mass thus obtained, place it 
on a clean silver coin, and moisten with a drop of distilleil water ; 
when, owing to the formation during ignition of sodium sulphide 
— Na^S — a black stain of argentic sulphide — AgjS — will be 
produced. 

Potyinlphides as commonly met with are those of the alkalies, and are soluble 
m water. They are known (practise on sulphuretted potash), — 

1. By the deep yellow or orange color of their solutions. 

2. By evolving sulphuretted hydrogen cucompanied by a deposii of 

sulphur when trcateil with hydrochloric or dilute sulphuric 
adds. 
The poly!iulphides which arc insoluble in hydrochloric acid, such as iron 
pyrites, copper pyrites, etc., are liest proved by fusion with potassium nitrate 
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and carbonate and conversion into sulphate. They may, however, be recog- 
nised by heating with hydrochloric acid and zinc, when the excess of sulphur 
will pass off as H JS. leaving the normal sulphide. 

80. DETBCnOV OF A SOLUB LE SULPHIDE IH PRE8EVCE OF A 

SULPHITE AHD A SULPHATE. 

( Practise on mixed solutions of NaJj, Na.jSO„ and NajSO|.) 

Pour the solution on a little cadmium carbonate CdCOj — filter, and treat 
the insoluble matter with acetic acid to remove any unacted- upon cadmium 
carbonate. If a sulphide have been present, a yellow residue of cadmium 
sul)>hide will remain msoluble in the acetic acid, while cadmium sulphite and 
sulphate will be found in the first filtrate, if these two radicals were present 
(see Separation of Sulphites anti Sulphates). 

21. THIOSULPHATES (HTposolphitat). 
(Practise on solution of commercial hy|>osulphite of soda.) 

I'hese salts, commonly known as hyposulphites, are usually soluble in water, 
and exhibit the following characters : — 

1. With either dilute or strong HC1 an<l H »S(>,. they yield SO* gas 

and a ytlUKv deposit of S Kdistinttun from suiphida, P^h 
sulphide i, and lulphitei ). 

2. Ai^HOj gives no pre* ipitate at first, owin^ to excess of a hy]X>- 

sulphite dissolving argentic hy]M)sulphite — .VgiJ/), — but on 
( ontinuing the addition, this .AgjSX >j is precipitated of a white 
color. The salt splits up s|K)ntancously, lM.*coming yellow, 
brown, and lastly black, and being changed completely into 
argentic sulphide -Vg.S. The same decomposition oif the 
precipitate occurs on suUtituiing IlgNH, or Pb^NOj), for 
AgNOj: and in all three cases heat at celerates the action, 
and H,SO^ is the by product. 

3. Fe.Cl,, Na.OCl^ and CI water convert h\i».)sulphiies into sulphates. 

even without applying heat. 

Na,-S/), -r 11,0 -K 4Na;(K 1. = rNallSO, -h SNaCL 

The first produces a rcddish-violet t oli»r. and thi'* gradually disappears 

as leClj is formed. {Thn cilvr t^ n, t prt\iuifd f'\ %tt/phiUs.) 

82. SEPARATION OF THIOSULPHATES FEOX SULPHIDES. 

(Practise on solution of commertial hy)>osulphite of so<la to which a drop of 

NH^IIS has been ad<led. 1 

Having obuined a good preliminar\ idea by heating with H,S(>^. add to 
a |K>rtion of the original s<ilution /nSO^ — in exccns, and filter. 

id) Prccijatate white, and soluble in HCl, with smell of Il> 

= Solphidet. 

{h\ A |K>rtion of nitrate heated in'th \\>^\ defKJcits Sand »roelli of 
S(>^. . and an«>ther (Kirtion adt'cd to a drop or two ot ammonio- 
cupnc sulphate instantly causes decoli»ri>ati(in. 

= Hjpofiilphitct. 

23 SULPHUBOUS ACID and SULPHITES. 

Sulphurous acid in solutum is rcc(>gm>«^'d. — 

1 Hy tt^ pungent (Klt»r «if burning si.i{hur. 

2 Ity adding l^anuin < hU»ride tn excels, filtering out any |irccipiutc 
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of barium sulphate which may foim (owing to the fact that all 
samples of the ordinary acid contain sulphuric acid), and 
then adding chlorine water and getting another copious white 
precipitate of barium sulphate, owing to the conversion of the 
sulphurous into sulphuric acid by the oxidising action of the 
chlorine water, thus : — 

H^Oj -h BaCl, -h CI, -h H,0 = BaS04 -h 4HCI. 
3. Treated with zinc and hydrochloric acid, it evolves sulphuretted 
hydrogen, thus : — 

3Zn + 6Ha ^ HjSO, = 3ZnCl, -f HjS -h 3H,0. 
4 When a solution of iodide is dropped into the liquid, its color is 
discharged, owing to its conversion into hydhodic acid by the 
hydrogen of the water, the oxygen of which passes at the same 
time to the sulphurous acid, forming sulphuric acid. 
H,SO, -f Ij -h H,0 = H,SO; + 2HI. 
SiilphitM are known by the following characteristic (practise on solution 
of sodium sulphite) : — 

1. All except the alkaline sulphites are sparingly soluble in water. 

2. When heated with sulphuric acid they evolve sulphurous anhydride, 

without deposit of sulphur. 

3. Acted on with zinc and hydrochloric acid, they evolve sulphuretted 

hydrogen, which blackens a piece of paper moistened with 
plumbic acetate and held over the mouth of the test-tube. 

4. A salt of silver, mercury*, or lead, produces a precipitate which on 

heating turns dark, owing to the formation of a sulphide and 
free sulphuric acid. 

5. By boiling with barium chloride and chlorine water or nitric acid, 

barium sulphate is produced, and precipitates. 

6. The acid gas — SOj — combines directly with peroxides 10 form 

gaseous sulphates. For instance : — 
PbOj + SO, = PbSO^. 
This reaction is utilised in gas analysis, to separate SO^ from a 
mixture. 

7. RjOjO; and HCl give a beautiful green coloration of chromic 

sulphate or chloride. This test is very delicate, but by itself is 
not conclusive. 

24. SVLPHXmiG ACn) and SULPHATES. 

The leid is detected,— 

1. By its appearance. A heavy, oily, odorless, and nearly colorless 

li()uid, |K)werfully acid and corrosive. 

2. By its charring effect This is made evident when the strong acid 

\s drop{K'd upon white j)ai)er, wood, etc., or when the dilute 
acid IS eva|x>rated in a basin containing a little white sugar. 
'ITie carbonisation is due to the power the acid has of abstract- 
ing the elements of water from organic bodies. 

3. By liberating an explosive gas from KCIO^ when heated with it. 

ITie test is not available with dilute acid. 
Sttlphmtat are soluble in water, with the exception of basic sulphates (soluble 
in acids) and BaSO^. SrSO^ CaSC^. and I»US(V (.\g,S04 is only slightly 
soluble.) When those insoluble in dilute acids are re<]uircd to be analysed, 
they are decomj>ose<l cither by boiling with |K)tassium or sodium hydrates or 
by ignition with KNaCO, the latter being preferable. The sulphate radical, 
being brought into combination with K or Na to form a soluble sulphate, is to 
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be tested for in the filtrate after boiling with water. Sulphates are recognised 
by the following characters (practise on solution of magnesium sulphate):— 

1 . BaCL or Ha(NO,)^ produces a white precipitate of barium sulphate 

— IU1SO4 -insoluble in boiling water and also (after washing to 
remove excess of HaCU) in boiling nitric acid This washing 
is necessary, as the addition of a strong acid to a solution of 
barium chloride often causes the reagent to crystallise out, anil 
this is then mistaken by the student for a true precipitate of 
sulphate. 

2. The addition of a soluble salt of lead or strontium also causes the 

formation of insoluble sulphates ; but these reactions are never 
in practice used, the barium chloride being at once the most 
delicate and scniceable reagent. 
^ Heated with a little Na.CO^ on charcoal in the inner blowpipe 
flame, sulphates are redu^e<i to sulphides ; and the residue placed 
on a (lean silver coin and moistened with water, leavet a black 
stain. 

25 SEPAHAnOV of SULPHIDES, STTLPHITES, and SULPHATES 

(Practise on mixed solution i of sxlium sulphite and sulphate, to which a 

drop of NH.HS has been added.) 

Pour the solution on an excess of cadmium carl>onale. digest at a gentle 
heat, filter, and examine the precipitate for a sulphide as already dire< ted (19). 
The filtrate, which may contain the sulphite and sulphate, is precipitated by 
barium chloride, the inNoluble precipitate filtered out and t>oiled with a little 
h)drochloric acid, which ^ill dissolve the barium sul[ihiie with evolution 
of sulphurous anhydride So and leave the barium sulphate insoluble. 

26. CAEBON. CAEBOVIC ACID, and CAEBONATES. 

Carbon is known 

1. H\ Its black < olor and the pro<luction of a gas when burnt which 
is odorless, so heavy that it can be jKiured from c^ne vessel to 
another, and (auscs a white precipitate mhen [osscd into solu- 
tion of calcium hydrate. 
:. By its ca|«ability of removing m.in\ \cjietab!e coloring matters 
from thi ir >t>lutions. 
Carbonic Acid is not known in the free Mate, si'litting up into carbonic 
anhydride- ( < ) and water. ( « » i'. re<o^nise<i, 

1. liy being odorless and ^iMng white insoluble CaCOjlor HaCO.) 

when passed into a solution of (allOi or liadlO) . 

2. r.y turning blue litmus purple or mine- red. the original tint being 

restored by heat, the (*< > ewajan^ 
Carbonates are nK>5tly insoluble in water, the alkaline carUmates alone 
dissoUmg Ca< (). ^^Ki)^, HMO and Mg< (» «aKo .Mn( O and Fc('n,K 
diss4»lvc m water tc»nia:nin^ ( ( », (esj^rcialK under pressure;, lornung bicar 
bunates or h\drc>gen <arlx>natcs. from whi< h Ci) j^asses on on Unling .Ml 
carl)onatcs ^xw i»ft C< >. on ik'nilion. eu ep! K ( < ), and .Na < (» . A white 
heat IS Deedetl t«» det c.mjHiM: HaCC ) and M< < > M<»st « ar!x. nates on heatin^* 
to redness lea\e the o\idc. I heir re« ognilion <!epeiids u|M.in < pra< tise \i]t*)U 
cakium 4 arU'f.atei — 

I F.fftnes* m*: with a st»Iution of aim* ^t ar.\ acid HS and }liS\ 

excepted). or^Mnii or m«'r*:ar.!t . an«i ^.Mng off .m •nicrlcs^ 

gas CO. 
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2. When the gas given off is poured or (>assed into a solution of 
calcium hydrate, a white precipitate of CaCO^ falls, which dis- 
solves on continuing to add CO|. When the gas given off has 
the odor of HjS or SO^ either of these may be removed by 
passing through K^CrO^ and HCl, which is rendered green, 
and the unacted-upon CO^ is allowed to piss into calcium 
hydrate solution as before. 

27. BORIC ACID and BORATES. 

Bofio (or Boraeic) Add — H|BOj — is distinguished as under : — 

1. It is a white crystalline solid, giving off water on being heated, and 

leaving the anhydride — B,Oa- 

2. When warmed with alcohol, z, green flame is produced on applying 

a light to the latter. 

3. When dissolved in hot water, and a piece of turmeric paper dip{)ed 

in the solution, the yellow color is unaffected ; but u(K>n drying 
the paper it becomes brownish-red. 
All borates dissolve in dilute acids, but few in water, and when 
decom[x>sed by hot acids, let fall crystalline boric acid on 
cooling, which answers to the above characters. 
The presence of soluble borates is detected by the following tests ({)ractise 
upon borax) : — 

1. They give, on heating with ealciom chloride, rendered slightly 

alkaline with ammonium hydrate, a white precipitate of calcium 
borate, soluble in acetic acid, and so distinguished from oxalate. 

2. On rendering the solution yW </a#/with hydrochloric acid, and then 

dipping in a piece of turmeric paper, and dr)'ing the same after 
immersion at a gentle heat, it will be turned red. 

3. Besides these two tests, which are in themselves, taken together, quite 

conclusive, borates give a precipitate with argentic nitrate soluble 
in nitric acid. 

4. When a little of the solid borate is moistened, first ^nth a droj) of 

sulphuric acid andthcii with about a drachm of spirit of wine, the 
alcoholic solution of l)oric acid so obtained burns with a bright 
green flame. 

88 8IUCIC ACID and 8IUCATB8 

The acid H4Si04 is scarcely ever met with, and we have practically to deal 
with the anhydride — SiO^ — which is totally insoluble in water and dilute acids, 
the acid dissoKnng slightly in both. SiO^. is characterised. — 

1. By its infusibility when heated. 

2. By its insolubility in water and all acids except HF. 

3. By forming, when heated with H,S04 and CaFj in a leaden vessel, 

gaseous silicic fluoride ~':^\Y ^ -which de{)osits the acid — H^SiO^ 

— and forms hydro fluvsilicic acid- HjSiF^ — in contact with 

moisture. 

tt liea t e e are not as a rule soluble in water. K«^i04 md Na4'^i04 being the 

only ones thus affected, especially when much KHO or NaHO is present. 

Maoy of them do not dissolve in strong acids (a feu are decomposed by hot 

H-SO4. but by nu other acid), but all are split up by the action of ga.sc«jus 

h>droduoric acid or a mixture of CaF, and HjS()4 

I. C>n adding H( I to a soluble silicate. H4'^i04 falls as a gelatinous 
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— scarcely visible — precipitate, slightly soluble in water. On 
evaporating to dryness and heating to 280? or 300^ F., the 
addition to the residue of a little HCl and water leaves the SiOj 
as a white gritty powder. 

2. NH4CI precipitates H4Si04 from a soluble silicate. 

3. Silicic anhydride is separated from all acidulous and basylous 

radicals by fusing the finely powdered insoluble silicate with 
Na2C03 (ox fusion mixture), in a platinum crucible ; boiling with 
water, filtering, evaporating nearly to dryness, adding dilute HCl 
until the whole is acid, re-evaporating, moistening with water, and 
when dry heating to 280° or 300° F. On adding a little HCl, 
Si02 alone remains insoluble. • 

29. SEPABATION OF SILICIC ANHYDEIDE (SILICA) FBOM ALL 

OTHER ACIDS. 

(Practise upon powdered glass.) 

Fuse the substance with a large excess of KNaCO., in a platinum crucible^ 
and when all action has ceased, cool, and boil the residue with water. The 
silica passes into solution with the other acid radicals, and the metals are left 
as oxides. Acidulate the solution with hydrochloric acid, evaporate to dryness, 
and heat the residue to 280^ Fah., and maintain the heat for some time. 
Drench the residue with strong hydrochloric acid, then add water, and boil, 
when the silica will alone remain insoluble. 

30. HYDROFLUOSILICIC ACID (H^SiFg). 

This acid is only known in solution. 

1. It is very acid, and dissolves metals with the evolution of hydrogen, forming 

silico-fluorides which decompose by heat, leaving fluorides, and giving oS 
silicon fluoride— SiF4. 

2. It gives off" hydrofluoric acid when evaporated, and should not, therefore, be heated 

in glass vessels, as they would be etched. 

3. The majority of silico-fluorides are soluble, the exceptions being Kj^SiFg, 

BaSiFg, and Na^SiFg, which are insoluble, especially in presence of a little 

alcohol. 
4." It does not precipitate strontium salts, even from strong solutions, but throws 

down BaSiFg on adding BaCl, and alcohol, as a white translucent crysteUline 

precipitate. 
5. Potassium salts throw down gelatinous K^SiFg. 

31. NITEOUS ACID AND NITEITES. 

Nitrous Acid (so called commercially) is nitric acid containing nitrous 
anhydride. It is }ellowish in color, and evolves reddish fumes. 

Nitrites are all soluble in water, the least so being argentic nitrite. They are 
known as follows (practise upon potassium nitrate which has been heated 
to dull redness) : — 

1. They give red fumes when treated with strong sulphuric acid. 

2. They give an instantaneous blue color with potassium iodide and 

starch paste on the addition of a few drops of dilute sulphuric 
acid. The sulphuric acid liberates hydriodic acid from the 
iodide, and nitrous acid from the nitrite ; the hydriodic acid 
is decomposed by the nitrous acid into iodine, water, and nitric 

oxide I 

2HNO2+2HI = l2+2H.p-h2NO. 

\NitrnteSy it must be remembered, would give fre<iuently a similar reaction after 
standing, through the possible reduction of some portion of their nitric acid 
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to nitrous acid ; m> that unl(.>>s the reaction appean inuantly, ami i^ Limtirmei) 
by others it in not safe to rely \i\wn it a> a te%t.] 

3. They give a dark brown color with ferrous sulphate i^'ithoui the 

frtl^WHS addition v/ sulfhuric aiid^ as ret/uired hy nitrates, 

4. Potassium dichromate in solution is converted into a green litjuid 

by the addition of a nitrite and an acid. These two latter 
substances also retiuce an auric solution, forming a pre* ipitate 
of the metal, possessing a dark color. 

32. DBTBCnOV OF A HITIUTE IH THE PRE8EVCE OF A HITRATE. 

( Practise upon potassium nitrate which has been slightly heated so as to 

partially decom{X)se it.) 

Add a little potassium iodide and starch paste, then introduce a small pinch 
of powdered metallic zinc, and lastly acidulate with acetic acid, when, if a 
nitrite be present, a blue color will be produced, due to the liberation of 
iodine. This test is often a very necessary one when dealing with drinking 
witer, the presence in which of nitrites, derived from the oxidation of com- 
paratively recent organic contamination, is a dangerous indication. 

a3. HTTEIC ACID and NITRATES. 

Vitrie Aeid is strongly acid and corrosive, fumes in the air, and readily dis- 
solves most metals. It may be at once recognised by the following 
characters : — 

1. When poured on a piece of copj^r foil, and a piece of white i)aper 

held behind the test-tube, it is observed to be filled with 
orange-red fumes of nitric jKroxide N..( >^. 

2. When dropped on a piece of (}uill in a basin, or if the solution l>e 

weak when eva|K)rated in contact with the (juill, the Litter is 
stained yellow. This stain is intensified to orange on adding 
an alkali, and is not discharged by warming, both of which 
decolorise the corresponding stains produced by iodine and 
bromine. 

3. Dropped on a few crystals of brucine, a deep reil < olor is 

produced. 

Vitimtas are characterised by the following properties (practise u])on s(>lu:iun 
of potassium nitrate) : — 

1. .Ml nitrates are soluble in water, especially when slightly acidulated 

with nitric acid. 1 he nitrates of the alkalies are only decom- 
posed by a very high lem| eralure, but most of the nitrates 
of the heavy metals, such as copjKrr, mercury, and lead, when 
heated are really de<omp<>sed, leaving a residue of oxide 
Argentic nitrate, however, when healed leaves metallic silver. 

2. When healed with sulphuric acid they evolve pungent fumes of 

nitric acid. 

3. When heated with sulphuric acid and a piece of copper wire, ihey 

produce reii fumes of nitric j»eroxide 1 caused by the union of 
the nitric oxide evolved with the oxygen of the air). 
4 When mixed with a solution of ferrcus iulphatc in the prei»ence of 
sulphuric acid, a black (oh-ration is i)roduced, which is due to 
the prcKluction ot nitric oxide, and Us absorption by the ferrous 
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salt. On heating, the color disappears, and the ftrrous is 
changed to the yJrmV sulphate. 

A«»/. —There arc l%iu waj-s of applying ihU te>l : — 

(a) I'bcc a (Irop ur two of the <ku<s|>ectc(l solution on a white (MirceUin i^lab ur cnidhlc 
h<l, antl havim^ added a drop of strong sulphuric acid, put a imall and clean 
crystal uf the fertou* s^ulphatc in the liquid, ^hen a bUck ring will gradually 
form round the cr)>tal. 

\b) Place the >U!^))ected solution in a tul>e, an«l having added MHne stning M^lutton 
of ferroiUk sulphate, cautiimsly pour some strong Milphuric acid down the 
side of the tulie. S4» that it smWs to the l>ottom by reavm of its great gravity 
without niiiing with the fluid. If nitric acii Ijc present, a dark line will tic 
formed at the junction of the two li<]uidtiL. 

5. Treated with sulphuric acid, and a few drops of indigo sulphate 

added, the blue color of the latter is destroyed, being changed 
to yellow ( not characteristic). 

6. The most delicate lest for nitrates is, however, phenyl -sulphuric 

acid. I'his reagent is prepared by dissolving one [lart of 
carbolic acid in four parts of strong sulphuric acid, and then 
diluting with two [larts of water. A few dro|)s of the solution 
to be tested are evaiK>rated to dryness on a [>orcelain crucible 
lid over the water bath, and while still over the bath a drop of 
the reagent is added, when a reddish color is immediately 
produced, owing to the formation of nitro-phenol. 

34. DETECnOV OF FEEE H TTRIC ACID IV THE PRE8EVCB OF A 

HITRATE. 

I'tgest with excels of lariuni carltonate ; tilter. arxl ad«i ti* the filtrate %ofne ddute MilphtirK 
aaid. when, if the free x^vX ucrc present, a preMpitate of ktnuiii sulphate will lie proaiicc«i. 
ThK test t^ iinly gtool in the iti^uretl a)r»eiice of sulphates ^nd of any other acid capable of 
dissolving liariuni «.arl>oiiate. It will also <»rrvc for detecting; free hyttnxrhloric asid acetic 
act^ls in prest rice of ihi ir ^ilt*. 

S6. DETECnOH OF A HITRATE DT THE PRESEVCE OF AH lODZDB. 

(Practise ujton mixed solutions of |x>lassium nitrate and potassium iodide.) 

The fact that the aildition of strong sulphuric acid liberates iodine renders 
the proof of a nitrate by the ordinary iron process doubtful in the pretence 
of iodidis and bromides. In this case proccevi by one of the following 
methods ; — 

1. Hull with excess of iM>tassium hydrate until any ammonium salt» 

are dcconiiH>scd, then add a fragment of zmc and again boil. 
.\ny nitrate present will Ik: converted into ammonia, which 
may be rt< uf:nised m the steam with moistened red litmus 
j»ajK:r. 

2. Worm with a little zinc amalgam and add a little acetic acid and 

starch paste, when the nitrate, iK-mg rcxlucetl to nitnte, will 
cause the ItlHrration of iodine, and color the starch [uste blue. 

3. Boll with sianiious « hloriile and a large excess of hy<irochloric acid, 

whuh will prtHJute ammonium chloride from a nitrate ; and by 
boiling the li<{uiii with excess of fiotossium h>drate, the ammonia 
gas may Ik: e^oKed Of cuurv: the al>»ence of ammonium 
salts must l>e fir^l msured- 

96 8EFAEATI0H OF CHLO RIDES , IODIDES, AHD BBOMIDES FEOM 

HTTEATES. 

I>igest witf; argentic sulphate, nhtch will precipitate the halogens as silver 
salts and leave the nitrate m M>lution 
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ST. CTAVOOEV, HTDROCYAHIC ACID and CTAVIDES. 

CymMfsa is a colorless gas, which is recognisedt — 

1 . By its odor of bitter almonds. 

2. Hy its burning in the air with a peach-blossom-colored flame, pro- 

ducing carbonic anhydride and nitrogen. 

HCydipejiaie Aeid is volatile, soluble in water, and possesses a character! :»tic 
fiunt sickly odor of almonds. Its reddening action on litmus pai)er is 
very transient. Its tests are four in number, as follows : — 

1. TMi Siivir Ttsi, — .Argentic nitrate added to a solution of prussic 

acid gives a curdy while precipitate of argentic cyanide. 'Ilie 
precipitate is soluble in ammonium hydrate and in strong boil- 
ing nitric acid, but not in dilute nitric acid ; nor does it blacken 
on ex|>osure to the light. 

2. SchuUs Iron Test. — An excess of solution of potassium hydrate is 

mixed with the solution. To this a mixture of a ferrous and a 
ferric salt is added, and the whole acidulated with hydrochloric 
acid. If hydrocyanic acid be present, Prussian bluf will be 
formed. 

The explanation of ihc ic^i is a«» folltms (acrunling to (icrhardt\ view.. : — 

( I ) The hydrocyanic acid and the potassium hydrate fonn iK>tatsium cyanide. 

(31 l*he addition of the ferrous salt proiluces fenou^ cyani<ic. 

(3» This reacting with the excev* of alkali forms pitavsium ferrucvanidc. 

(4> On the addition of the ferric salt, it is at first ]»iccipitaie»l l»y llu* cxcr^^ <»f alkali, 

as ferric hydrate, which on acidulation di^^olves to feme chl*>n<lc, forming 

ferric ferrocyanide ( Truviian blue >. 

(i) 6HCy+6KHO-6K( v + 6H,(). 
(iO 6K(.y-»«3Fc( l,=:3FcCy,-ff»KCl. 
(iii) F3cCy,-f4KHO K,Fc( v*-f 2Fe(HC) ^ 
(iv) 3K,FcCy,. • 2Fc,a^=(Fe,VhcCv.',-f li K( 1. 
Or the wht»le mav l»c >hown in i»ne et|uation, lnu'», uhich i«» Muitc sufficient :— 
ibKC y + 3Fci l,-|-iFc,Cl,.= Fe, V FeC'y^-f 18 Krl. 

5. The Sulphur Test, — .\ few drops oi ye/Icic ammonium sulphydrate is 
added to a solution of hydrocyanic acid, and the whole evafK)- 
rated to dr)*ness at a very gentle heat, with the addition of a 
drop of ammonium hydrate. A residue is thus obtained which 
strikes a blood-red color with ferric chloride, not dischargeable 
by hydrochloric acid, but at on* e bleached by solution of 
mercuric chloride. 

This color '\> «luf to the formation of ammonium >ulj>h«<yannic (uhuh lake^ 
place when an alkaline >ul|>l)ide, ci'ntaining e\cc>^ ui sulphur, 1^ l>ruU|;ht 
into contact with cyan<«gen - 

2111 y+MI, p>-l-N, 2.\H/ y> • !!,>. 
and suli»et|ucnt prtMluction of ret! ferric <«uIph«H:)antde. 

4. SchonMns Test. — It has been stated that a very delicate means 
of detecting HCy is based ujjon its action on tillering pa|)er, 
soaked, first in a 3 |)er cent, alcoholic solution of guaiacum 
resm, and then in a 2 \h:x cent, solution of cupric sulphate, 
and exjoscd to the air. 1 he presence of HCy causes the pro- 
duction of a blue color. The pa|>er may be either moisteneil 
with the susj>ecicil solution or cxjwsed to its vapor. 
CyuddM arc known (practise u|)on solution of |>otassium cyanide), — 

1. By cffer\escing and giving off the odor of hytlrocyanic acid when 

heated with sulphuric acid. 

2. By answering- to all the tests for hydrocyanii acid above mentioned. 

Aaif. In u^iiij; the «»»Kcr le"'. to a ^'luhlr '.NAniiic. the rea^rn*. mu-t \< .id«icil 
in enceo^, a* argentic c\antde \s ^AxxhW u; alkaline cyanides to form duuMc 
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cyanido \ii silver and the alkali use<i. Kxccss of argentic nitrate, bowrvrr, 
dccun:p*>M^k these comptnimis ami forms insoluble argentic cyanide. The 
previous adilition of a ili^ki exccft% ol dilute nitric ari<i enisures the immcd&ate 
sc}Karati<>n of the aq^^entic c>'anidc. by preventing the reaction just refnrcd t<*. 

3. Insolut>le cyanides yitrld cyanogen when heated ptr x^ in a small 
dry test-tube, the open end of which has been drawn out into a 
jet after the introduction of the cyanide. The application of a 
light to the jet causes the characteristic tlame of cyanogen. 

38. 8EPAEATI0V OF CTAVIDE8 FEOM CHL0&IDB8. 

( Practise on a mixed solution of KCN and KCl.) 

.Vcidulate slightly with nitric acid, add excess of argentic nitrate, wash the 
firecipitate thoroughly with boiling water by decantation, allow it to settle 
( ompletely, {>our oti' all the water, and boil with strong nitric acid, when the 
argentic cyanide is decom|>osed, leaving the chloride insoluble. The solution 
m nitric acid is diluted and hydrochloric acid added, when any dissolved 
silver is detectctl by precifiitation, as chloride, thus indicating the presence of 
argentic cyanide in the original mixture. 

38. CTAHIC ACID and CTAVATE8. CTAVITEIC ACID, and FU L IVIG 

ACID. 

Cyaaie aeid ts iharacttn^ctl, - 

1. Hy l<tng .1 t'Mlorlctks li<{uid, having a stnmg iHingent (jdor. greatly reMrniblin£ 

acetic actil. or sulphurous acid when in small tjuantity, and forming ammonioni 
bicarUmatr on aiiding water. 

2. Hy thanjjini; »nt€» a white Milid ts^m/r tm keeping, heat being evolveti, hut nu 

• icc>'n)}«>siti*'n (Kturnng. 
CjaaatM are kn«mn,- 

1. Ky gluing, when inuivtrnol, a bivarUjnate. (The }>o(x%siuni salt Kl'yO— A>r 

instance. f->rniv |M.>tas%ium l»icarbi»rute Kl!('0,. - 

2. Hy prtKiutitt^ urea when eva^Mtratnl with an ammonium salt. 

Cjftamrie acid is a )i*>lynu>ric mi^itfivatiun «'f c^ana acid, whith is rodgnise<l. ~ 

1. H) l*ctng a irvstaJlinc »i>l»<l, %iel4hiig c)anK au*l iH) •^ppi>ing heat. 

2. liy iu»t luring dev«>m)i«a>eil by »tri>ng hot HN*>, «»r H^no^. 

Fmlidaic acid •mtcrmoiutc iK-twccn the twu ab(»\c aculs) differ^ from U^th by the feaifal 

t-\pl*nilt>iiity <if it% saltv 



40. THI0CTAVATE8 <8iilphocjanatet). 

8iilphoc]ranatet arc recognised, - 

1. i*y Inrinj^ usuall) colorless and soluble, and evolving hydrocyanic 

M id and de(>oMtmg sulphur on heatmg mith sulphuric acid. 

2. r»y pro<Iu< ing with a lerru sait, a bloixlrcd solution of ferric 

su.^^twtjntj/^- he ii\>; the color of whirh is not destroyed 
by iiCl, but «iiNappcars on atiding inert^uric ihloride — HgCl^ 

il. FEER0CYA9IDE8. 

i Practice ujx'n solution of iHitas^iuni ferr^x:)anidc.) 

Ferroryanides arc mostly ins«dublc in water. e\iept those of the metals i»f the 
first and sc< ond groups. They arc characterised. 

1. l!> i;!'>in(* off hydrocyanic a* id and forming a de{H>sit on heating 

vMth Milphi.ri* M u\, 

2. l\\ ^*>^ln^ w;tl; a feiTOVt Hdt a white pre* ipitate <»f fcnou% 

)i<»:assiutn ltrru«>anidc k I i 1 << y, >- ihanging •juitkU to 
blue. 
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3. By yielding with a ferric lalt a dark blue precipitate of Jtrri^ 

ferro€yaHidi — (Fcj).(FcCy4)3. This precipiute and (i) arc 
both insoluble in HCl. but KHO decomposes them, prcxlucing 
potassium ferrocyanide. When it is l>oiled with llgO and 
water, mercuric cyanide — HgCy, - and Fe,0, remain. 

4. Cvpiio laltt produce a reddish-brown precipitate of cupric ferro- 

cyanide — CujFeCy^ — insoluble in acids, dissolved by NH^HO, 
but left unaltered on evaporating off the ammonia. 

5. By precipitating a white ferrocyanide from a solution of a lead salt. 

6. By yielding a white mercuric fcrrocyaniile in a mercuric solution. 

7. By giving no effect with magnesium salts but a white gelatinous 

precipitate, soluble in NH^HO on the addition of a sohition 
containing a zinc salt. 

8. By pro<1ucing with argentic nitrate — AgNO^ — white gelatinous silver 

ferrocyanide, dissolved by NH^HO. 

-\«wt/ of ihiSi prtdpitates can be produced in alkaline solutions : and they form 

best in slightly acid solutions. 

42. FEERICYAKIDES. 

(Practise u|>on solution of |>otassium ferricyanide.) 

Most ferricyanides are insoluble, those of the alkalies and of the barium group ^ 

being exceptions. They are recognised,- - if/ 

1. By yielding an odor of hydrocyanic acid, and a deposit on heating *'* 

with sulphuric acid. 

2. By producing with a ferrom salt dark-tinted TurnbulPs blue — 

FejFe^Cyij- -insoluble in acids, but forming K^FcjCyi^ ''^hen 
boiled with KliO. 

3. By producing a brownish coloration when adde<i to a ferric salt 

in solution, from which H^O^, Stannous Chloride- -SnCl, -and 
other reducing agents throw down TumbulCs blue or Prussian 
blui (distinction bettoeen H^Fe^Cyi-,, and H^FeCy^). 

4. By giWng no precipitate in a lead solution {another distinction of a 

ferricyanide from a ferrocyanide), 

5. By throwing down mercurous ferricyanide of a brownish red color 

from a mere urous solution. 

6. By yielding with argentic nitrate solution an orani^e precipitate of 

argentic ferricyanide. 

7. Mercuric salts, giving no precipitate. 

8. Stannous salts, a white precipitate, soluble in llCl. 

9. Stannic salts, no visible alteration. 

4S. SEPAEATIOV OF FEEEO FEOM FEERI CTAVIDE8. 

(Practise upon mixed solutions of i)otassium ferro-and ferricyanides.) 

AciduUte with hydrochloric acid, add excess of ferric chloride, warm 
gently; the ferrocyanide will be precipitated. Pour off some of the brownish 
li*|uid and heat with a little zinc amalgam, when a blue precipitate will form, 
owing to the reduction of the fcrri- to ferrocyanide. 

M. DBTBCnOV OF CTAnDES DT THE PKE8EHCE OF FEEEO- 

An) FEEEI-CTAVIDE8. 

(Pnctise u(>on mixed solutions of ix)tassium cyanide and ferrocyanide.) 

Acidulate slightly with nitric acid and add an excess of a mixture of ferrous 
an4 ferric sulphates ; w.irm gently, and allow the pa*cipiute to subside. Pour 
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off a little of the supernatant li<]uid, add to it excess of potassium hydrate, 
and then acidulate with hydrochloric acid, when the production of another 
blue precipitate will prove the cyanide. 

45. HYP0PH08PHITE8. 

(Practise upon solution of calcium hypophosphite.) 

The silver salt alone is insoluble in water, and few are insoluble in alcohol. 
The following reactions serve for their detection : — 

1. When heated in a solid state, they take fire, e\olving phosphuretted 

hydrogen, and leaving a residue of pyrophosphate. 

Note. — Thii must be done on porcelain^ ai they destroy platinum fcnL 

2. With argentic nitrate they give a while precipitate, which turns 

brown owing to its reduction to metallic silver. 
y With mercuric chloride they yield, when !»lightly acidulated with 
HCl, a preci[)itate of calomel, which, on heating, turns dark, 
owing to a reduction to the metallic ?tate, 

4. .\ftcr removal <>f the base, the free hypophosphorous acid, when 

l>oiled with solution of cu(>ric sulphate, will give a deposit of 
metallic copper. 

5. Treated with ammonium molybdate they i;ivc a fine blue precipitate. 

As afterwards mentioned, phosphates give .1 yellow, and con- 

seijuently when the solution contains both < lasses of salts the 

precipitate is :^reen. ITiis forms an excellent and rapid method 

of checking any commercial sample of hypophosphites. 

They are distinguished from phosphites by not giving preci^Htates with 

neutral barium, or cal< I'lm, chloriiles, or with plumbic acetate. In performing 

the 4th reaction, the l>ase. it calcium, is removed by oxalic acid, if barium, by 

sulphuric acid, and if a heavy metal, by sulphuretted hydrogen. 

46. PHOSPHOROUS ACID and PH0SPHITB8 

arc <Ii%tinguKhed :is follows : — 

I llcatc«l «»n pUlinum f«>il, thry Inim. They arc jhiwcrful rniucing a^cnlt. 

2. The only ph«»^phite% <»»luMc m walcr are th«>sc •*( K, N*. an'l Nil,, bat acetic 

Oil*! <!is">i*»lvc^ all. rxccjtt |iiuml>tc j>h«>*|»hitc. 
3- With /inc and *ulj>hunc a*.**! «ru%cmt hy'lri>j;rn ihcy yicl i )>ho^{>hurctted hydro- 

jjcn, burrun^; *nth an cmcra'd-j^rccn rul>ir. in«! throv»inj» -lown Aj»,l*, at well 

a% Ajj fr-'tn .K^jNO^ m **>lut»on 

4. Thfv |p*c j-rccipiiato with neu!ran»arium. an'i ^ alcium chloride^, an 1 alvi with 

ptunihic acetate. *khich hy|>r»pho*phi;r» do n«»t. 

5. Hcatctl with mercuric chl*inilc <ir arj^enttc nitrate, thry yield a |ireci|Mtate <^ 

metallic mercury **t silver 

47. MBTA- AVD PTRO-PHOSPHO&IC AQDS AVD THEIR SALTS. 

Kttaph t f fc t rfc c Atid 1% a i^l2%%ir vilid. n«*c v<ilati!e Sy hrat It w freely wiluMe in ct»l<l water, 
and tf omverteii by (mHlini* inta orTho(>h«n{«h«i>ric and It \% kn«'«n by i;ivtng a white ftre* 
ci|>itate with ar^jeni-amm ifium n:trate. arwl by it* j>ower «»f .- o^aUtinj; albumen. 

M^ to p ktyka f t arc known b^. 

1. <»:%ir^;no prrvijmatr «;th amm'miura chloride, ammontuin h)drate. and ma|*^ 

r.r^ium ^ulj'haTr. a<ldc>l vj, .r%"»i»ely. 

2. \U ti'vinj; a white j^ceciiHtav *4 ari;ent»c ix>cia|ihc»«|>hate -AgPO, - «ith ar|»entic 

rutrite *itr%i\ ;n neutral «"li:r:>iii*>, an>i ^nublc *><th :n T.itiic aciJ arvl ammooiiim 

h% IfaT 

Fy I •ykttplltl Ic Aei4 \% alw ^iu^lr :n water arvi c«»n«Tr^J Ic >•% Unling iolooftHo{>ho»(ilHifKr 
avid It gt«e^ a wh te (rrci; ttate w:th ar]|^cnt-amm<«nidm rvitrmte, but d«je» n«j( cua^Ute 
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ftlbamcn. r/roplioftphatcs arc in^ilublc in water, except \\\osc of the alkalies. Their tc%U 
are doc very well denned, bat they give, — 

1. A white precipitate of argentic pyrophcKphale Ag|P,Oy— with argentic nitrate in 

a neutral solution only and soluKle lioth in nitric acid and ammonium hydrate. 

2. ( VH|),MoO| does not produce an immediate precipitate. 

48. ORTH0PH08PH0RIC ACID and 0RTH0PH08PHATE8. 

C mhophosphoric acid is a liquid with a strongly acid reaction, converted by 
heat first into pyro- and finally into meta- phosphoric acid, which remains 
as a glassy residue. It is, — 

1. Not volatile by a red heat. 

2. It gives a yellow precipitate of argentic phosphate — .\g3PO4--when 

treated with argent-ammonium nitrate, soluble both in nitric 
acid and ammonium hydrate. 

PhMphatM are as a rule insoluble in water, except the alkaline ones. They 
are readily soluble in dilute acids, and entirely reprecipitated on neutral- 
ising by an alkali or alkaline carbonate. Calcium, strontium, and barium 
phosphates are only partly soluble in dilute sulphuric acid, being converted 
mto a soluble phosphate and an insoluble sulphate of the metal. If the 
insoluble phosphate be filtered out, the addition of an alkali causes only a 
slight precipitate of a dimetallic phosphate, and a phosphate of the alkali 
used is left in solution ; but it is only after the use of sulphuric acid that 
any phosphate thus remains dissolved. 

Tkofphatat are detected as follows (practise on solution of sodium phos- 
phate) : — 

1. With barium or calcium chloride white precipitates are produced, 

soluble in acetic acid (distinction from oxalates) and all stronger 
acids. 

2. With argentic nitrate a lemon-yellow precipitate of argentic 

phosphate forms, soluble both in nitric acid and ammonium 
hydrate. 

3. With ferric chloride in the presence of ammonium acetate a white 

precipitate of ferric photphate appears, insoluble in acetic acid 

4. With magnesia mixture phosphates yield a white cr>'stalline pre- 

cipitate, forming slowly in dilute solutions, consisting oi ammo- 
nium-magnesium phosphate— MgiNH/ilH)^ -h6H J) soluble 
in acetic and all acids. 

5. With solution of ammonium molybdate in nitric acid a yellow 

precipitate is produc ed, insoluble in nitric acid, but soluble in 
ammonium hydrate. 

6. With uranio nitrate phosphates yield a yellow precipitate of 

uranic phosphaU, also insoluble in acetic acid. 

7. With mereurous and bismuthous nitrates white precipitates are 

formed, the former soluble and the latter insoluble in nitric- 
acid. 
S. With any soluble salt of lead a white precipitate of plumbic 
phosphate is produced, soluble in nitric acid, but insoluble in 

acetic acid or ammonium h>drate. 

* 

It is important to note that all these reactions may be cause<i by arsenic 
except that with argentic nitrate, argentic arseniate differing from 
afgentic phosphate in being brick-red instead of yellow. 
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49. DETECnOV OF A PHOSPHATE DT THE PRE8EHCE OF CALCIVM. 
BAEIUIL STROHTIUM, MAHOAHESE, AVD KAOHESnTlL 

\ l*^a^ti^e on ordinar)- "phosphate of lime.**) 

dissolve in water by the aid of the smallest quantity of nitrir acid, then add 
ex< rss of anunonium acetate, which will remove the excess of nitric acid with- 
out rendering: the solution alkaline. In this solution the phosphate may be 
proved by adding a drop or two of ferric chloride and w.irmint(, when a white 
precipitate of ferric phosphate-- Fe^iPo^*. -will form, insoluble in the acetic 
acid li^>erated. 

50. DETECTIOV OF A PHOSPHATE IH THE PRESEHCE OF IBOI. 

\ Practise on ordinary ** phosphate of iron.*') 

dissolve in the smallest |)Ossible (juantity of hydnxrhloric acid, add some 
citric ai id, and then excess of ammonium hydrate. Hy this means an alkaline 
liipiid is obtained, owin^ to the [wwer of the organic .u'id to prevent the pre- 
cipitation of the metal by the ammonium hydrate ; and in this liquid, when 
cold. ma,^nfsia mtxtisre (ammonio-sulphate of magnesia* causes the precipitation 
of white crystalline magnesium-ammonium phosphate. 

51. ARSEVIOUS ACID and ARSEVITES. 

Artenioat Acid H./VsO. is not known in the free state ; but its anhydride 
.\sj< )^ is (ommon. The latter has the following «iualities : - 

\. I>rop(Kti u)>on reii hot charcoal or coal, or heated in a dry tube 
with black tlux. or a mixture of dry MKlium carlionate and 
|M)tassiuin cyanide, the metalloid AI4 in Net free, and volatilises 
with a garlic odor, producing a steel-grey mirror on the tides 
of the iuIht. 

2. I>i!»sol\ed in water only, and argent-ammonium nitrate added, a 

canary->cllow precipitate ol argentu arNcnite .VgAsO^ — is 
prtnluccd. M»lul)lc in ev ess «if either NH,HO or HNO,. 

3. .\ pure a')ueouN solution, iiuxed with cupr-ammonium sulphate, 

kjives a bri*:ht-green cupri< .irsenite S%he(lt\ i^rtin also loltiblc 
in NH.Ho or in HNO, 

4. .Any Mtlution vields all the tests for arsenic <see |»age 15). 
Arsenitas lK:ha\e peculiarly in many resiK:« ts. Ammonium arsenite leaves 

arNcnious at itl tm eva{»<)ratin{; a vilution. while ]if>tassium and sodium 
arsenre^ jninnvss a tlegree of alkalinity whi<h no c\< es\ of arsemous acid 
will disturb. \\a, Sr. and < a torm viluble h) drogen salts. AH other arsenites 
are insoluble. 
Neutral solutions of arsenitas are |>ossesseil of the undermentioned distinctive 
|icculurit;e'» 

1. (\iS()^ throws down greenish cupri* arsenite. 

2, AgN< » IS transhirrned into yellow iii>olublc argentic arsenite. 

;. H S /'; :h€ prnenu 0/ /i}Jr.\fu\ ru i/./X gives a yellow |»reci|Mtate 

o! arseniouN ^uljihide. 
4 The s«>Iution gucN the usual te^ts for arsenic fsee jage 1 ;i 

52. ABSEHIC ACID and AESDIATES. 

Arsenic Acid II As(\— is known t»y the tol lowing < har.icters : — 

I. The <r>>:jls are tleli-iuev ent. white, artd str jngly acid. Heated, 
they leave a residue, n^ith. on njol^Ienln^ with water, is also 
acid 
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1. It is strongly corrosive and blisters the skin. It gives brick-red 
AgjAsO^ on adding ardent-ammonium nitrate, 

arc characterised by behaving in e\*cry respect exactly like phos- 
phates, except that they give a brick-red precipitate with argentic nitrate, 
instead of a yellow. Insoluble arseniates are best treated by boiling with 
NaHO, filtering, exactly neutralising the filtrate with dilute HNO,, and 
then getting the brick-red precipitate with AgNO^. 

58. SEPABATIOV OF AH AB8SVIATE FROM A PHOSPHATE. 

This can only be done by acidulating with hydrochloric acid, and [)assiiig a 
slow stream of sulphuretted hydrogen through the solution for several hours, 
until the whole of the arsenic is removed. 

64. KAVOAHATES. 

are unstable compound^, an<I only the alkaline «alts dU^yolvc in water, f«jrmin(* 
tolutkuu. 

1. SoluUe manganates ilccom})ose N()ontancoavly. dqiositin); MnO,, the ^reen culor 
changing to purple or reddi*kh violet, owing to the formation uf a jicrman- 
ganate. 

5K^\fnO,-»- 2H,0 2KMn(\ ♦ 4KHO * MnO,. 

2. Dilute acid« effect this change more rapidly, and the reaction is very deliCAlc. The 
free hydrate is then repTace»l by a chloride, nitrate, or >ulphate. 

3. Strong, heate<i H|SO| acts as repre^nted in thii eiination : — 

KjMnO^ ^ 2H^S04=K,SO^ ^ MnSO^ + 2H,0 ^ O^ 

4. Strung HCI causes the ev<ilution <>f CI,. The other action^ are similar to th«»se of 
permangarute^, but less energetic. 

55. PEEMAV0AVATB8. 

(Practise on solution of potassium permanganate.) 

are known, — 

1. By the violet color of their solutions, which is entirely bleached by 

oxalic acid or by heating with hydrochloric acid and dropping 
in rectified spirit. 

2. By giving off oxygen on heating. 

3. By giving off oxygen when heated with sulphuric acid, often with 

explosive violence. 

4. By evolving chlorine when simply mixed with hydrochloric acid. 

06. CHKOnC ACID and CHK0KATE8. 

CkfWUe Add — HjCr< >«— not being dehnitely proved to exist, is represented 
by its anhydride — CrO,. This is a dark retl crystalline solid, and when 
mixed with an aqueous solution of hydrogen |>ero\ide — H.O, — a deep Hue 
Uqtiid results, which is l)elievcJ to contain perchromic add — HCrO^ or 
H|Cr|0|. The litjuid dtH:ompoM:s rapidly, unless ether be addetl, which 
lengthens its existence. 

This tcst^ for either CrO, or H,C)„ b exceedingly delicate, the ethereal 
solution of perchromic acid se|)arating from the water and thus concentrating 
the color into a small bulk of ether. 



of the alkalies are solulde, while those of the other metals are 
cftiiedy insoluble, but have very brilliant colors. They arc ver>- [ioisonou^. 

4 
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and are detected as follows (practise on solution of K^CrOi and K^Cr^O; 
respectively) : — 

I. Soluble ohiomAtat give a yellow precipitate with plumbic acetate 
or barium chloride, soluble in nitric acid, insoluble in acetic 
acid. The lead salt is darkened in color by alkalies, an<! 
dissolves by free excess of hot KHO. 
3. With argentic nitrate a dark red precipitate, also soluble in nitric 
acid, and in NH4HO, but not in acetic acid -HC,HjO,. 

3. Boiled with hydrochloric acid and alcohol, or any reducing agent, 

(for instance, sulphurous acid -H ,SO)), they turn green, owing 
to the production of c hromic chlonde (or sulphate). 

4. Treated with sulphuretted hydrogen, in the presence of hydrochloric 

acid, they turn green, and a deposit of sulphur takes place : — 

2K,CrjO;Vi6HCl^6H-S=2Cr^1« + 4KCl-f3Sj-hi4H,0. 

5. C'hromates, when treated with an acid, turn orange ; and dichro- 

mates, when treated with potassium hydrate or any ^fct^ 
turn yellow. In this way they are mutually distinguished/ 

6. Heated with strong H^^O, they give off oxygen. 

7. Treated with an excess of sulphuric acid, and shaken up with 

ozonised ether (solution of hydric peroxide in ether), they gi%*e 
a gorgeous blue with the most minute traces. 

57. STAVnC ACID and STAnTATES (Stannitaaf). 

This \\ an unim(x»nant OHnpound, and i% thnm-n down tiy an alkaline hfiiratr fniin a 

stannic salt It w um%ti\tnc% Mated tn l»e endowr«l with the o»fn|Mniti<>n Snt iIO»4, and at 

oiherk. SnO<ll(>), {IIy.SnO,). 
Staaaatat arc fonurd Ity the v<ilation <>f the a(.t«i in an alkaline h)-<irate, and are detected in 

the rxununatton for nictalv 
Staaaitaa arc \aid tu l« (ormol by the v>Iutton •>f «tann<m^ hydrates in an alkaline 

hydrate They dcvuai|»i»vr »>n Uidin^ with KHO, forming; itanrttitfi ami thniwing duwn 

cietolhc tin 

S8. AvmoHic Acn> 

Thi% 1% the while precipitate ha%-inj; the cump<>*iri<>n H.>1>(>,. ft»finetl on adding strong IICI to 
p^axtimm amitmu.mtatr ; and tt t^ detevtoi in the e&anitnatiun for metaU. 

5e. FORMIC ACID and F0R1IATE8. 

Formic Acid— H( 'HO, is the '* organi* *' acid uhich contains the highest 
jjerccnta^fie of oxygen, and approaches most nearly in com|>asition to the 
suppositious carbonic acid ll.CO^ It is a toIcral>l\ stable li«|uid, l)oiling at 
the same tcm{K.'raturc as water. Formates arc all soluble in water, and behave 
as follows ; — 

1. Heatetl to redness they de< om|iose without blackening. 

2. Heated with H-SO^ihey e\olve CO, which. Inrmg free from CO|« 

gives no cffet t when jwiNNed through Itme UHMtrr, but bums with 
the UMial |»ale Mue flame The rca< ti >n is : 
H>0». - H( HO, = HSo» - CO -h HO. 

3. Readil) reduce argentic nitrate, whtn lK)ile*!. metallic sihirf 

se|ara:ing. 

60. DKTECnOI OF A FORKATE IH THE PRE8EHCE OF FIXED 
OSOAKIC ACIDS WmCH REDUCE SHYER SALTS 

nistil with dilute sulphuric acid at the he.it of a mater bath, neutralise the 
distilbtc with Milium cartH>rute. add a yii^rf tvcr^^ cif .icetn and. aruJ hoA 
»itli argentic nitrate, when a dark de}iuMt of inetallw silver «ill form 
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6L ACETIC ACID and ACBTATB8. 

(Practise on sodium acetate.) 

This acid is characterised by its odor of \inegar. The strong acid chars 
when heated with strong H^SO^. 

Aottatat are without exception soluble in water (Ag^C^H^Oi and HgC^HiO^ 
are sparingly dissolved). They are decomposed by a red heat, yielding 
muiofu if the heat rise gently and the mass be not alkaline, and leaving a 
carbonate, oxide, or meul, according to the nature of the basylous radical. 
When heated with alkalies marsh gas --QW^, —is evolved. The reaction is of 
this type: — 

NaCjHjO, + NaHO = Na.CO, -h CH,. 

In the case of no hydrate or carbonate being present, the following is an 
example of the effect of heat on acetates : — 

Ba(C,H,0,)y = ^^CO, -h CjH.O (Acetone). 

Acetates of easily reducible metals, such as copper, yield, when heated, a 
distillate of acetic acid, leaving a residue of the metal, or in some cases of 
oxide. The presence of aoetatat is analytically determined as follows : — 

1. By evolving an odor of acetic acid when heated with sulphuric acid. 

2. By a characteristic apple-like odor of ** acetic ether" — 

C,H|(C;fHjOj) — which they evolve when heated with sul- 
phunc acid and rectified spirit. 

3. By the deep red color which they produce with neutral ferric 

chloride — ferric acetate, Fe/C.»H,0,)4 — dischargeable by both 
hydrochloric acid and mercuric chloride. 

es. VALKRTAinC ACID and VALERIAIATE8. 

▼akrianie Acid is a liquid, which is — 

Volatile, malodorous, colorless, and oily. It reddens test-pj{)er. 
and dissolves in most menstnui. 
The general characters of Valerianates are : — 

1. A more or less strong odor of valerian root when warmed or 

moistened. 

2. They give, when heated with sulphuric acid, an odor of valerian 

and a distillate which, on the addition of solution of cupric 
acetate, forms, after the lapse of some time, an oily precipitate ; 
gradually solidifying, by the absorption of water, into a greenish- 
blue crystalhne solid, 

83. 8TrLPH0VniAT£8 (Sthjl sulphates) 

These salts, derivetl from ethyl hydrogen sulphate, behave as follows : 

1. Heated with strong sulphuric acid, they evolve a faint ethereal odor. 

2. They give no precipitate in the cold with barium chloride ; but on 

boiling, a white precipitate of barium sulphate falls, and a smell 
of alcohol is ]KT( eived. The addition of a little solution of 
barium h\drate after the chloride and l>efore boiling fat ilitates 
the reaction ; but in this case all meuls jirecipitable by a fixed 
alkali must first, ot course, be renuivcd. 

3. Heated to redness, they leave a sulphate ot the metal. 

4. Heated with sulphuric arid and an at etate, or with strong acetic 

acid, they evolve acetic ether with its characteristic apple odor. 
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64. 8TEAEIC ACID and 8TEAEATE8. 

This acid is usually so distinguished by its appearance and behaviour on 
being heated, that further tests are useless. The characters are : — 

1. A white, odorless, fatty solid, melting by heat and soluble in absolute 

alcohol, the solution having an acid reaction. 

2. Chiving, when dissolved in KHO and the solution as nearly neutral- 

ised as fXMsible, a white insoluble precipitate of plumbic stearate 
— Pb(C,^H„0.,)j — on the addition of plumbic acetate, which 
is insoluble in ether (distinction from plumbic oleate). 

Stearatat of the alkalies are alone soluble in water. 

Any stcarate heated with dilute HCl gives the free acid, which floats 
as an oily li()uid, solidifying on cooling to a white mass. This 
test is applicable to the analysis of soap ( hard^ containing Na, 
or soft, in which K is present). 

65. OLEIC ACID and 0L£ATB8 

Oleic Aeid is usually an oily liquid, but remains solid below 59^ F. when 
cr)'stallised from alcohol. 

It does not dissolve in water, but is taken up by ether and by strong 
alcohol, the latter solution t)eing acid m reaction. 

Olaatas of K an<l Na alone dissolve in water. Acid oleates arc all lic^uid and 
soluble in cold absolute alcohol and ether. 

1. They do not sejarate out from either of these solvents when a hot 

solution is cooled {diititxition from ittaratti and palmitates), 

2. Plumbu oJeate is precipitable like plumbic stearate, but is separated 

and distinguished from it by dissolving in ether. 

66. LACTIC ACID and LACTATES. 

'Ilie pure strong ac id resembles glyurint in ap|>carance, lilxrrates hydrogen 
on adding zinc, and on heating takes tire and bums away with a fiale flame 
gradually l>e( oming luminous. It dissolves in ether. It gives pure CO when 
heated with sulphuric acid. lk>iled with solution of }»otassium (lermanganate it 
gives the otlor of aldch)d. 

Lactatat are not verv soluble in water. 'I*hrv 

1. .\re insoluble in ether. 

2. A r^^tntu lactate .X^t'^HjO^- when l»oilt^ gives a dark precipitate, 

whu h on siil>sidcn< e leaves a hlut liquid. 

3. Strong solution of an alkaline lact.ite, when boiled with HgNOy 

de|K)siis inntu't ox ftnk mtr« urous lactate- Hg<',H|0^ 

67. OZAUC ACID and OXALATES. 
(Practise on oxalic acid and on "salts of sorrel") 

The acid is very common, and is recogniseil, — 

1. hy its colorless pnsmatic crysuLs «hich are strongly acid, effloresce 

when e\|K>sed to dr>' air, and voUtihse on heating with [lartial 
decom(K>sition. 

2. \\\ the i«>mplete discharge it effcits of the color of a solution of 

(x^tassium i^ermanganate acidulated with dilute H,S<V 
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3. By producing free H^O^ when added to solution of CuSCV (This 

is one of the very rare instances in which SO4 is replaced by 
another acid radical and H^Oi liberated.) 

4. By giving the reactions of an oxalate. 

Oimlatef of the alkalies are soluble, the others insoluble, in water. Insoluble 
osudates dissolve in hydrochloric but not in ac ctic acid. They are known by — 

1. Not charring when heated, but only turning faintly grey ; followed 

by a sudden glow of incandescence, which runs through the 
mass. 

2. Not charring when heated with sulphuric acid, but yielding CO and 

COj with effervescence. 

3. Not effervescing with cold dilute sulphuric acid ; but at once liber- 

ating CO, with effer\'escence on the addition of a pinch of 
manganese peroxide. 

4. With calcium chloride or barium chloride in a neutral or alkaline 

solution, they give a white precipitate of calcium or barium 
oxalate, insoluble in acetic acid, but soluble in hydrochloric acid, 
(For separation of oxalates from tartrates, etc., see Na 72.) 

68. SUCCnnC acid and SUCCIVATES. 

Thu icid \s t white crystalline solitl. It i«» known, 

1. By not charring with ^tron^; hot >ulphunc aci<l. 

2. By subliming in a lulnr o|>en at l>i>ih en«l*, in silky neetllc^, x.'ifhoMt j^ivin^ off an 

irritating vaf^r (<li>tinction fn»m l>en/«»ic .icid). 
3* By burning, when heateti on platinum, with a blue >mokclevN flame. 

BMiililM arc rec»)gnisc<! as folluws : — 

1. With ferric chloride, a browni!»h-reil precipitate ol/Vrric smcintiU Fe,(C,H,()^)j, 

iN formetl. 

2. With hytlrochloric an<i sulphuric acitls no precipitate I"* protlucetl {Ji%tin,,ticmfrom 

hfnzmUts). With f'lumhii tii^tatr, a white precipitate of plumbii iUicinate, 
soluble in succinic acid, succinates, and plumbic acetate. 
J. Banum s»u<mait '\> soluble in hjrdrochlonc acid, hence m> effect results frum the 
ad<lition of succinic acid to liarium chloride ; but aicohul and ammonium hy* 
drate give rise to a white precipitate yancihtr p^tnt k*/ Jistin<tion from batz^aUs). 

69. MALIC ACID and MALATES. 

KalU Aeid — HjCiHiOj — iH a oilorlcss ciystallific. very dcli'^uescnt aciil, freely »olable 
in water and alcohol. Acid malattt are ni«i^t stable. The character^ are : 

I. Calaum chl 'ride, .nddoi to a neutral solution of a nulate, gives no precipitate. 
Alcohol. li«.wcver, omu if a»ldetl in >mall (juantity, thn.>WA ilown a white 



preciiMtute ; and iKiilinj^ aidN the effect. 
2. Strong lly><)^ JC*^*-*'» "*• charrinj; f»,>r Mime tii 



»me time a tariraic ij car'nyntsid in a ft 
mtnuid ) 
3. AmorphouH/ZMw.'/. wa/iiA- fuses liclou 100 ' C. in water. Iml not in an air-bath. 

70. TAETA&IC AQD and TAETEATE8. 

(Practise uiK)n the free arid and also u|K)n " RcKrhclle salt.") 

Tiartarie Add — HX^H^C >,, — is a strong acid, soluble in water and spirit. 

1. It forms usually oblique rhombic prismatic crystals, of an acid taste. 

2. It is decounK>setl by heat, giving off the oilor oi burnt sugar, and 

leaving carbon. .\ similar effect is produced by warming with 
strong MX )4. which blackens and carl)oniscs it in a few minutes. 

3. With ixjiassium acetate KC.V.H (), — it produces a while crystalline 

precipitate of potaaium hydroi^tn tartrate — KHC^MiO^— in 
cither an acjueous or an alcoholi< solution, soluble in much 
water, but not in spirit. Stirring or vi )lcnt shaking promotes 
the formation of the salt. 
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The same compound is produced on adding any potassium salt, provided 
the liquid contain excess of free tartaric acid only. 

Tartratat of the alkalies are mostly soluble ; but the others are insoluble. 
The hydrogen tartrates of K and (NHJ are nearly insoluble. Tartrates arc 
recognised by the following characters : — 

I. Heated to dull redness they char rapidly and give off a smell of 
burnt sugar. The black residue contain* the metal as car- 
bonate if It be K, Na, Li, Ba, Sr, or Ca ; but the tartrates of 
other metals usually leave the oxides, or more rarely (as in the 
rase of AgjC^H^O^) the metal. 
3. Heated with strong sulphuric acid, they blacken rapidly, and give 
first a smell of burnt sugar, and afterwards evolve SO,. 

3. Neutral solutions {ftoi from more than a trace of ammonium salts) 

give, on adding calcium chloride, a white precipitate of calcium 
tartrate^ which, when freed from other salts by washing, dissolves 
readily in cold solution of potassium hydrate, but is again pre- 
cipitated on boiling. The precipitate is soluble in NH4CI, 
but not in NH^MO. 

4. Mix a tartrate with sodium carbonato, and filter the slightly alkaline 

solution, so that the only metal present shall be sodium. If 
this clear solution, after iii^ht ac idulation with acetic acid, be 
mixed with argentic nitrate, the whole, on heating nearly to 
boiling in a (lean tube, deposits a ixauti/uJ mirrvr oj metallic 
silver uj)on the test-tube employed. 

5. A tartrate prevents the precipitation (more or less perfectly) of the 

salts of l*b. Bi, Cd, Cu, I*i, Fe.^, Mn. Ni, Co, Cr, and Zn, by an 
. alkaline hydrate in excess, or a phosphate. 

71. CITEIC ACID a&d CITRATES. 

( Practise u{)on the free acid and u{)on potassium citrate. ) 

Citric Add— H C^HjO.— is soluble in water and alcohol, but insoluble in 
pure ether. It entirely hums away when heated to redness in the air; 
blackens slowly when heated with strong sulphuric acid , and when neutral- 
ised by ammonium hydrate, and the solution cooled, the solution gives 
no precipitate with raU mm chloride until it has lieen Inilcd. .\dded to 
fenic. chromic. «»r aluminic *alts in solution, it prcvcrus their precipitation 
by ammonium hydrate. 

Citrates exhibit the following c harac ters — 

1. Heated .ilone. they char ^lo1lly. and evolve an odor of burnt sugar, 

but ni»t so intense as that of .1 tartrate. .\t a dull red heat, the 
citrates 01 K, Na. I 1. Ila. >r, and (a leave ihtir < arlxmaies ; 
but those of most other metals leave the oxides, .\rgcntic 
< urate leaves the metal. 

2. Heated with strong sulphuric acid, the) slowly blacken, and evolve 

a sl'.^'hl odor «.f burnt sugar. 
3 Mixed m the c« Id with (aU lum ihlt»ndc. in the presence (jf a slight 
exce^^s of ammonium h)draie they gi\c no i rmpitatc . but on 
jH'iIirg. < alcium « urate (ajC, Hj( );» — '^cparait s a> a white 
prc< ipitafe. If this precipitate be filtered 1h4, and washed mith 
a iiitle N.iling water, it is found to \*< <,uite mMiIuble in cokl 
Solution of {•otassium h\drate, \ ut readil) miIuMc in neutnl 
solution *A c uj>nr i blonde. 
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4. Mixed with argentic nitrate and boiled, no mirror of metallic silver 
is produced. 

7S. 8BPABATI0I OF OXALATES, TAETEATE8, CITKATB8, and 

MALATES. 

(Practise upon mixed solutions oxalic, tartaric, and citric acids.) 

If the solution l)e acid, neutralise it with sodium hydrate ; but if neutral or 
alkaline it is ready for use, and is treated :is follows : — 

A. Acidulate slightly but distinctly with acetic acid, bring the whole 

to the boil, and add a drop or two of calcium chloride ; and if 
it produce a precipitate, add it till precipitation ceases. Keep 
the whole nearly boiling for a time, till the precipitate aggregates, 
and filter. The precipitate, after washing, should be (^uite in- 
soluble in cold solution of potassium hydrate. 

B, To the filtrate from {A) mixed with some more calcium chloride, 

ammonium hydrate is addetl in slight but distinct excess, 
and the whole thoroughly cooled. Calcium tartrate precipi- 
tates, and when it has settled clear, the liquid is poured off 
and preserved for (C). This precipitate, after washing, should 
be entirely soluble in cold solution of potassium hydrate, and 
reprecipitable by boiling. 

C The liquid is slowly boiled for some time ; and if a precipitate does 
not form readily, a little more CaCl^ and NH4HO added, and 
the boiling resumed. The precipitate, when if begins to subside 
welly is filtered out whilst still hot. It should be (after washing) 
quite insoluble in cold solution of potassium hydrate; but 
soluble in i)erfectJy neutral solution of cupric chloride. 

D. To the filtrate add alcohol, when calcium malate will separate ; 
but this portion of the separation is not infallible, and the 
precipitate must l>e carefully examined to see that it really is 
malate. 

73. ICECOHIC ACID and MECOVATES. 

MtOOnio Add is a white powder, with a strongly acid reaction, soluble in water, 
alcohol, and ether, and giving the reaction for meconates. 

HteonatM communicate a red < oior to ferric chloride solution. This color 
it not diuhar^ed by Hji^Ci.^ nor hy diluU HCL By this means it is distin- 
guished from a iulphvcyanute and an acetatf. 

74. CAEBOUC ACID (or Phenol) and CAEBOLATES (Phenatet). 

The qtulities of this body are very distinctive. 

t. It is a colorless, cr)'stallme solid, melting at 94 F., and not 
volatile at 212 , having the odor and taste of creasote, being 
very poisonous, and not rcdilcning lest-|>aper. 
a. The crystals deliquesce readily, forming a liquid which does not mix 
freely with water, but mc orporatts readily with alcohol, ciher, 
and glycerine. 

3. Mixed with H(J1 and exix)sed to the air on a strip of deal, it becomes 

greenish blue. 

4. It coagulates alhumrn. It does not rotate {H>Iarised light. 
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5. Saturated with ammonia gas- NH^ — and heated in a closed tube, 

aniline is fonnet! : — 

CeH.HO + NHjrrQHjHjN-f H,0. 

6. It does not dccomi>osc carbonates. 

7. NH4HO and CaOCL produce a blue liquid. 

8. It unites directly with strong H.SO^ to form sulpho-phenic (or 

sulpho<art>uiic) acid— QH^HSC ^^. 

9. With bromine water it gives a white precipitate of tribromophend — 

C,H,Br,(). 

Carbolmtet give the following reactions : — 

1. When heated alone, they evolve the odor of carbolic acid and de- 

comiK)se. 

2. Heated with strong sulphuric acid, they also snicll of carbolic acid. 

3. Ferric chloride causes a reddish-violet color. 

Sulpho-Carbolmtet behave similarly, but also give the reactions of a sulphate 
with barium chloride. 

75. BEVZOIC ACID and BEHZ0ATE8. 

Bensoic Acid is of characteristic ap{>earamc, l»cing usually seen in light, 
feathery, flcxiMc, nearly colorless crystalline plates or needles, and contain- 
ing a trace of an agreeable volatile oil, unless it is the artificial acid prepared 
from naphthalene, which is odorless. 

1. It is only slightl) soluble in water, but dissolves freely in spirit, and 

in solutions of soluble hvdrates. 

2. Heated in the air, it burns with a luminous smoky flame ; and when 

made hut in a tul>e o|>en at l>oth ends. sublimc*s in needles* 
gi\ ing off an irritating TiI/St. 

Benioatet |m>sso»s the following general ^{ualities : — 

1. Heated with sulphuric acid the) evolve the o<!or of l)en/oic acid, 

and f lark en. 

2. Ferric chloride, in a solution made slt,:hti\ alkaline by ammonium 

h\drate, gives a reddish white precipitate -feme ben/oate — 
Fe,iC;Hj() )^ — soluble in acids {hrnzcii included). If this pie- 
cipitate be now filtered out and dige>ted in amnionium hydrate, 
it is de(otn|>osed into a precipitate ot tcrru l.\(irate, and a solu* 
tion of jfmmoniuni lK.*n/Mate. which is scjarated by filtration and 
treated as in 3. 

3. Strung h«>t solutions of l>er/oates )ield cr)staK <•! .Vz/rw aaJ when 

h)(irochlorK acid is addet! and tl.e solutic^n allowed to cool. 
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This acid cue ur^ in prisms, uhen cr\stallisrd !ri»m a S4ilulion in alccihol in 

which It i> rca«in\ ^tl'.jble. Il is treeh dissol\e»i l»> htjt water, but not 

readily by < o!d, rit|u»nn^ i>co p.iris oi the latter ti* coinpKicU tlissolve it. 

I. Its a i".ie»»us s'lluiion y^ives with Fe.<*i. a Jfff" \u\ft ,i/. fatun. The 

4 «»ti.|»ounds with methyl, elh\ I. el< .give this rtai ti m. as well 

ax \\\K onlin.iry sal:^. 

1 Il3 ii.cth\i suit, fonneti i>y war:uing a salicylate witii sul]>huric acid 

and H.>«ni '•; rii, lia^ a \er\ tra*:rant *^Vtx. 

From most othtr ^« ul t-^-ias it may l»e scpar.ite»i l\ laV n^- aci\antage of 

its exceptional!) great s- •';:.:• ;ity in e:hcr. In trie c\tr;i « ! its presence in an 
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organic liquid (such as milk) it or its salts may be procured in a puree one iition 
by dialysis. The liquid is placed in a dialyser, and this floated on pure water. 
The salicylic acid or salicylate is found after some time to have entirely passed 
through the septum, and may be obtained by eva])orating the a(|ueous solution 
and, when reduced in bulk, shaking with ether. 

n. DRBCnOV OF CABBOLIC ACID IV THE PBB8EVCE OF 

SALICTUC ACID. 

Boil ID grains in half an ounce of water, cool, decant the solution and add 
to it I minim of a saturated solution of KHC(K, i minim of aniline, and 5 
drops of solution of Morinated limt, when, it carbolic acid be present, a deep 
blue is produced. 

7& TAVnC, OALUC, and PTEOOALUC ACIDS. 

Tannk Add is soluble in water and alcohol, and very soluble in glycerine. It 
is insoluble in pure dr}* ether, but dissolves readily in ether containing 
a little water. 

Oftllie Add is slightly soluble in cold water, but readily in boiling ; it is also 
freely soluble in glycerine, and slightly in alcohol and ether. 

Fyrofallie Add is ver)* soluble in water, the solution rapidly absorbing oxygen 
from the air and becoming brown. It also dissolves in alcohol and 
ether. 
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mediately 
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pitate slowly 


Instantaneous 
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changing. 
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Gelatine . . . 


No precipitate 
(except m the 
presence oi 


Immediate 
brownish 
precipitate. 


No precipitate. 
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CHAPTER IV. 

QUAirrATIVE ANAL YSIS, AS APPLIED TO THE DETECTION 

OF UXKXOWX SALTS. 

§ I. OEVERAL PEELmiVABT EZAIOVATIOV. 

Un<ler this head arc include* I, — 

1. The obsenaiion of the physical properties of the substance sub- 

mitted for analysis. 

2. Its behaviour when heated, either alone or in the presence of 

reducing agents or fluxes. 

3. Its reaction with test-f)ai)ers ; the color it communicates to flame, 

etc. 
So furticular and minute m.iy this ^examination be, that in the larger works 
on t hemical analysis many {ages will l>e found devoted to it ; but for the 
pur(>oscs of the analysis likely to come t>efore the onlinary chemical student, 
it is sutficient only to carry ;t the length of a* few readily obtainable and un- 
mistakable inferences. 

Step L If the substance given for analysis be a liquid, carefully mark its 
reaction with blue and red litmus paper, evaporate a Uitle to dryaeee 
at a gentle heat on a clean porcelain crucible lid« observinf th# 
nattire of the residue left if any ; and finally raise this residue to a 
red heat, carefully noting whether it is volatilised, blaokened. or 
altered in color anv way. If a solid, heat it directly to l ed B OM 
on a crucible lid and note effect ; then shake a little up with dletilled 
water and note its reaction with blue and red litmus paper. 

From a < aretul sni«!y oi these jKiinis. the lollo*-;n^ simple inferences may 
safely Ik: drawn ; «///v iif'f^ar.init '«'/ hfretn rejirrfj to ^t'tt^ mf)i^Uct(d OS mifi 

A. Hcutral, no odor, and le.ivm^ no residue whatever. Probably 

v%.iler. 
B Strongly acid, lea\ in^ no residue. Probably an ordinary volatile 

a^m\. su^h as H( I, HNC) , HCJI <), etc. 
C Strongly acid, leaving a residue, fusible by heat and also strongly 

at i«i. Pr<»labl\ a non \t»latile miner.d acid, such as HjPO^ 
D Strongly acid, :e.i\m^ a residue. w.Si. h ^n hcatm^ chart, ami en- 

t'.reU Sums awav. Probal>lv tree or^.4nic a< id. si:ch a> H,C\li O^ 

\\ < .M,n.. HC-Hj*^, el.'. 

/:' Neutral or slightly acid. I<v;v:-g a residue, which volatilises in 
t'urt.cH, ;,::: withou: l.!a« kc? ir^. l*r *•.»'»'.% .in onlr.ar)' salt of a 
\ atile rncMl. ^\i* h as NH,. Mg. X'*. "^b. cK. 
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F, Ventral or tlightlj add, leaving a reiidaa which on heating 
blackens and volatilises in fumes. Probably an organic salt of 
NH4, Hg, or other volatile metal. 

AW/. — In thU caMT it U he*X at once to test the ori^nal for NH| or Hg by l>oiling 
with KHO and SnCl, respectively. 



G. Ventral or alightly acid^ leaving a retidne, which on heating 
changes color as follows : — 

Yellow while hot, white on cooling. Probably salt of Zn. 

Deep yellow while hot, yellow on cooling. Probably salt of Pb. 

Yellowish -brown while hot, dirty light-yellow on cooling. Pro- 
bably salt of Sn'\ 

Orange or red while hot, dull-yellow on cooling. Probably salt 
of Hi. 

Red while hot, reddish-brown on cooling. Probably salt of Fc 
or Ce. 

i'ermanent brownish-black. Certain salts of Mn. 

//. Ventral or alightly acid, leaving a white residue, which blackens 
on heating, bums, and leaves a black or greyish mass, i'ro- 
bably an organic salt of a ^\^iS, metal. In this special case, 
proceed as folltnvs : — 

Moisten the residue with a lilllc water. an<! l«mch it uith rol'lcncd litmus 

Iia(ier. If alkaline, the oripnal «iuhi*tance wa^ an organic salt i)f K, Na, or 
.i, in which case proceetl by (a). If not alkahne, proceed by (^). 

(a) Boil the ash with the smallest possible i|uant)ty of water, filter, acidulate with 
IICl till eflrer\ e«:ence cea-se* ; <lii> a j>erfectly clean plntinum wire in the miIu- 
lion, and try the Hame te«»t. If cnmson, Li. Bright yellow, Na. Violet. K. 

.XW#. — The latter tlame not l»cing very easily seen in daylight, it i* arlvisabic to 
adtl to the solution Ttt 1, ami Cfll«0. Shake well ami cool. Yellow crystal- 
line precipitate of }H>taxsiuni platimnrhloride (PtCLaKCl). 

(A) The a»h is covered with water and trcate<l with HC,lI|0,, If eflfervcMencc takc» 
place, the original *ul>stance was prol»ably an or^nic salt of Ri, Sr, or t'a ; 
aiul the?« metals may at once \k te!«te<l for in the acetic acid «*)lution. 

Sott. — Oxalates, allhoogh'organic, do not blacken to any extent. If carefullv Ml>«»cr\e«l, 
however, a slight jjreyish imt. followetl by a distinct gK>w running through the 
ina«s, wdl lie noticeil at the nu>incnt of decom|K)sition. To make certain, it is 
well to place a little of the oiiguuil jniwder in one tulw, and the re-^ulue, after 
ignition, in .im>ther : co\t*r them both with water, and adil a drop of acetic 
acid to each. If the rtsiduc effcrvnoe, and the original powder d<K.*H not, 
strong presumptive exulence is obtainol i»f the presence of an oxalate of the 
alkaline or earthy metai-^. 

/. Ventral or slightly acid, leaving a residue, which ukcs fire and 
continues to burn even after removal from the flatne, giving off 
clouds of while fumes and leaving a fixed white or pinkish 
residue. Probably a hypophosphile ; which fact should l>e noted 
as an aid to future information as to acidulous radicals. 

K. Strongly alkaline, leaving a fixed white residue, also alkaline. A 
hydrate, carbonate, bicarbonate, or sulphide of a fixed alkaline 
metal, or a h)drate or oxide of Ha, Sr, or Ca. In this case 
proceed as follows : — 

.\ciduUte a ptrtton of the original solution %%ith IICl. 

Ket) If It cffcftr*v«*^ without ^intll. and i> thervf»»re a carU»natc or l>icarU»nate. test 
al iincc by the f^amc tor K, Li. Na. and also another jwtrtion of the »»rij:inal 
•4>}uti<»n »uh Hg< It If red, a carUiiute ; if not, a bicarUmate. 

{^) K<feTtrM.e* «ith smcil of II^S. In this case it is a ^ulphidr ; and if a <le|».»^it o| 
> al«^» takes place a j-^flv^ulphide. .\d<i to a ftrsh jx>rti«m of the ••fi^^mal 
*«»lutJ*»n c«\.rvs i,f lit I, Ix.il till H,S is e\;-rllol, filter, if necrsxary, ani tc^t 
the •-.lution for all metals of fourth an*! fifth gTtni|»s. 

(«) Effervesces i»i!h *mell "f HCN. I'roliably an alkaline cyannle such a** Kt N. 
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\d) It \\ixs nut cfTcrvescr. In this case a<ltl to a fresh purtit>n of the orijpnil tolutum, 
AgNOy. If a lirtmnixh black prccijutatc Ikt f«»nnol. it is a soluMe hyilrmte. A 
portion of the iiri);inal vilution should lie neutralised with llCl, and then 
cvaminol for all mctaU of fourth and fifth f^nnins. 

AV/«. — If AgNO, viitli original dilution give> a yellow, a white, or a brick -red 
precipitate, the jiresence of a phosphate, iMirate, or arseniate of K or Na may 
lie ftu^itectnl. In the case of a complex vtlution in which a salt (4'soroe other 
metal is given di%M>he«l m excess of an alkali, an intimation of the (act will l»e 
oUaincil on cautiously addmg the IICl, a^ at the moment of neutralisation, the 
dissfdvetl sulMance appears as a precipitate l»efore again divsolving in thceice>* 
of HCl. lU<«ic pluml ic acetate nas an alkaline reacti«>n. 

Step 2. Dip a cleanpUtinom wire in the solntion, or if a solid moiftan the 
wire with HCl, dip it in the powdered tubetance, and heat in the 
inner Bnnsen or blowpipe flame. The outer flame is colored as 

under . — 

Violet , . Potassium. 

(M)ldcn-vcllum* . Soilium. 

Yellowish green . Barium. 

Crimson . . Strontium or Lithium. 

()ran.:e-rcii . . (*alrium. 

(•reen . . . C'opjHrr or lUirarjr acid. 

Hlue . . . Leail, Arsenir, ni!>muth ; 

also C'oplK-r as chloride. 

St^p 3. Heat a little of the solid snbetance (or the residue left on evaponi> 
tion if in solution \ on charcoal before the blowpipe. 

CUdinarv alkaline salts fuse and sink into the charcoal : some decre- 
pitatinj; (example NaCI. etc.). others dftlajir.it in^' (as KNO^ KCIO^ 
ctc.t. l>ut no sufficiently characteristic indications are usually obudned, 
except in one ot* the folUiwinj^ cases : - 

A. \ Hhite luiniMous residue is left. .Moisten it when cold with a 

dro]» or two of < olialtous nitrate, and again apply the blowpipe* 
oSservin^ any < h.mge of < olor as f«>llo%is : 

I he residue becomes blue, inditaim^' Al, .^ilicatcs, or Phoe- 

phates. 
,. ., „ ijreen. ,» /n. 

piiik or flesh « o'.ored, indicating; Mg. 

B. A colored resul.ie is left. I'repart- a l^orax l>ead. and heat a Utile 

• •1 the subst.im e in it. both in the re>!'.<in.^ and oxiilising Aame, 
and iu>tc an\ colors c orrcsjH.niiin;: with the tollowinj list. 

Mftai In 0\im-is'. H wr. In Kmi • is-. ( i.avk. 

C*u (ireen 'hot). blue Hold . ke«l oi.l,i. 

Co lilue \\\\\M 

C'r tirein iirem. 

Ke Ki«i<ho;i. \e!l'»«;sh loldt liottle ;:rcen. 

Mn .\ine:h\' (*•.'.. -ru s^. 

Ni Keihii J. :r" wn ':..i». Ve'.i"W «..IiJ' >.»nu .is oxidising flanie. 

C. A iiietar* rt^ul.ie -.s ^ f!. wif. ••: w:!h»L-t in« :'.-t i:i«»n s.irrounding 

\\ N!:x a \\\\W of i;.i sui-sta::- •■ w.:?. K* \ .ir*.d Na(^(l,and 
t \\* -^e "n < h.ift -la! t" the rt'!.:^ :■.; • !:.ir« m' r! t:i;- . 
'.// Meli. < ^!. ules .ire \' hIh* cl \^\\'. • /. .ir.> - .rr. ■ ;f..::n(^ inrruftta- 
WW ••: •'X.it 'I r.is «x-i ..fs u;::. \jj. A:. < ... 1 1, ( o, and Ni, 
x\\ easily re* r^nisalwe. 
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(^) Metallic globules are produced with a surrounding incrustation of 
oxide. This occurs with Sn, Bi, Pb, and Sb ; the incrustation 
having the characteristic colors already described in Case I , 
Step I, G, 

Neti, — Sb iiftcn form* a white ami distinctly crystalline cru*t. 

(r) The metal volatilises, and only leaves an incrustation of oxide. 
This occurs with As (garlic smell and white incrustation), 
Zn (yellow [hot], white [cold]), and Cd (reddish- brown). 

§ IL DBTBCnOV OF THE METAL PEESEVT IH AHT 8IMPLB 

SALT. 

Sl*p L Pnparmtioii of the solution for anaiytii for the metal, if the 
trabttamee be not already diitolved. 

1. Take a minute |K)rtion of the substance and boil it with water in 

a test-tube ; should it dissolve, then take a large |)ortion and 
dissolve for testing. 

2. Should the salt prove insoluble, take another small portion and heat 

with HCl, and add a little water and again heat If it now 
dissolves, prepare a larger <}uantity of the solution for use in 
the same manner. 

3. Should it resist H(^l, try another small portion with IINO^ by 

heating, and then adding water. If this dissolves it, make up 
a larger quantity of a similar solution for testing. 

4. Should HNO3 also fail, try another small {lortion with two parts 

HCl and one part HNO3, warming and diluting as before ; and 
if it succeeds, make up a larger amount of solution in the same 
manner. 

5. If all acids fail, then take another portion of the substance, mix it 

with several times its bulk of a perfectly dry mixture of soiiium 
and i>otassium carbonates (prepared by heating Rochelle salt in 
an open crucible until the residue thoroughly ceases to evolve 
any gases, then extracting with distilled water, filtering, eva|>o- 
rating to drjness, heating the residue to redness, and prcscr\ing 
for use in a stop|)ered bottle. This reagent will hereafter be 
shortly described as ftifion mixture). Place the whole in a 
platinum crucible, and fuse at a bright red heat : when cold, 
boil with water and save the solution thus obtained for acidulous 
radicals. The insoluble matter is then to l>e drenched with 
strong HCl, slightly diluted and boile<l, and the solution use<l 
for testing for the metal. Any insoluble white gritty matter still 
remaining is put down as silica. 

tl*p S. Detaetion of the metal 

The processes to be applied vary according to the limitation of the jwssible 
stibflances under examination, and the following tables are to be used accord- 
ingly, tising the solution obtained in Step i. RememtHr thai rrrii when u*€ 
Amr af^parently found out the metal by the table u*e should alu*ays priweed to 
f^r/ect confirmation by applying (to fresh portions of the solution each time ) all 
iht tests for the metal gix^n in Chapter //. Unless otherwise <iirectcd, all 
confirmations referred to in the tables are intende<l to be tried ujxjn fresh 
portions of the original solution. For brevity the said solution is in the 
tables indicated by a capital in thick ty{)e, and the word precipitate ii 
contracted to ppL In simple salts we go through the groups until we 
get a result, and as soon as we do so wc stop and go no farther with the 
groups, but simply confirm the ^sult obtained by special tests. 
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DETECT I ox OF UNKNOWN SALTS. 6$ 



( IIL SETBCnOV OF THE KBTAL8 IH COKPLEX MIZTUKE8 OF 

TWO OR MORE SALTS. 

Stop I. Pnparmtion of the solution for analytii in otaat where the 
enbttuiee for anaiytii ii not given in tolntion* 

Naif.— hy carefully applying this »tcp and intelligently judging the results «e can 
often reduce a ^(taration oi tun «mlti to the performance of tvk(» separate 
umple analyse>. ami <hi mivc much time and trouble. 

1. Boil some of the powdered substance with distilled water, and filter 

off from any insoluble matter. 

K\aiK>rate a drop or two of the filtrate to dr^'ne^s at a gentle heat, on a 
»lip of clean platinum foil, an<l if any residue he left, then save the balance 
of the filtrate for analysis a^ representing the |>ortion of the original (if an\ 
that i^ Miluble in water. 

2. If anything remains insoluble from water, then wash it on the filter 

with boiling water until a drop of the washings leaves no marked 
residue on evaporation. Rinse the insoluble off the paper into 
a tube, and add hydrochloric acid drop by drop (noting carefully 
any efrer\-escencc or odor as indicating the presence of certain 
acidulous radicals, such as carbonates, sulphides, sulphites, 
cyanides, etc.), and warm. 

If it now all di\M>lvfs, save the Huid for analyiu^. If not, then i^eparate 
the in'4>luble, te^t the filtrate by evaporation of a drop or two, to sver vkhether 
anything ha« dis>olvcil. an<l if m), save the fluid for analy^in a^ representing 
the metaU pre^nt in the form of salt% insoluble in water, but soluble in lit I 

AW«'. Thi« divi>it)n of any mixture into stlt> soluble and inM»luble in water giM*-* 
the greate^t assistance in the suli»e()uent testing for the acidulou« railicaU. For 
example, if a metal of the 5th grtnip lie found in the |>ortion voluble in water, 
then any acidul(»u<» radical almost may tie present ; while if a metal of one of 
the other groups \k fouml, then generally s|)eaking only a nitrate, sulphate, 
chloride or acetate neeti be first searched ft>r. If, on the other luind, the 
substance re^i^ts water and only goes into solution with HCl. then as a rule 
•»# mrfa/ 0/ thi yk ^nmf is prc%eut^ and we might con.sitler that we were 
probably dealing with a carlionate, oxide, phosphate, arseniate, oxalate, 
sulphide, sulphite, cyani<le, ferro- or fern-C3ranide, or )x>rate of a metal, not 
in the 5th group. Certain tartrates and citrates, chiefly of the 4th group, 
would aUo come in this category. 

3. If the substance resists both water and HCl, try nitric acid, first alone, 

and then with the addition of hydrochloric acid. 

This treatment disv>lvrs certain metals in the free state, such at Ag. I*b. 
Bi. Ilg, and Cu. and alsii act*^ uptm HgCl, IlgS, ami t>ther insoluble sul- 
phides, and on Ke.Oj and s4»me refractor)' oxides. (>ol<l and platinum only 
dissolve in nitro-hv<lruchl<»ric acid. 

« 

A'i«/.'.— When HNi), ha* been U'»cd as a vdvent, the liquid should alua\% lie 
esa|H>rate<i with HCl till all :he HN<), has been displaced, then allowetl to 
get {{uite cold and any precipitate filten-d out and treate<l as l>elonging to 
the i«t group, while the Hltrate Is directly treatetl with 11,.^ 

4. If anything still remains insoluble, it must be fused with fusion 

mixture (KNaCO^) at a bright red heat till action ceases, and 
the residue so obtained boiled with water and filtered. 

llvr filtrate is used f<»r the detection of aci<lulous radicals ; while the 
insoluble matter is divsolved (after washing) in nitric acid ainl useti for 
fimbng the metals. The usual run of articles re<|uiring this treatment arc 
»an«l. ila\ and other silicates, sul|>hate^ of lia. .^r, (a (latter nut alwa)s 
ami I*b, tne haloid salt* of silver, SnO, and Sli,i)j. 

Step n. P rooeed to apply the foUowinf tablet to the prepared eolation 
frofli Step I. 

AV/r The whole of the first tabic f<,>f *' ve|aration into groups " must lie gonr 
thrtHigh, liut if no effect lie obtained in <*roups I. 4»r II., a fresh |>ortion of 
the pre]ianr«l solution should be taken for (iroup III,, etc, >«> saving the 
time re^iuirol for cs'a|K>fating to a cx»nsi<lerable extent. 
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% lY. DBTBCnOV OF THE AdDHLOUS RADICALS. 

Diyifion A. — Preliminary Ezamination. 

Imfortaxt Note. — Wc must always decide what metals or bases arc 
present before wc proceed to test for acidulous radicals. We 
must then note which l)ases are present as solubU and which 
as insoluble salts (in H.O). Lastly, wc must consider what 
acids might be present in each rase, and only test tor such 
|x>ssible acids, because noihint^ Uadi to so many erron as /nfinx' 
for adds which could not pinsihiy exist, Wc must also carefully 
note the information received in the former preliminan exami- 
nation, especially as regards the presence of organic maitcr, 
and remember that, if the original substance does not char on 
heating, «v must na^er enter into the testing for on^anic acids, 
because none can possibly be present except oxalate, which is 
provided for in the inorganic portion of the course with this 
very object, together with a few others included for convenience. 
We must also remember to note what happens when we 
dissolve the original substance in HCl, provided such a step 
is necessar)*, and if any cftervcscence occurs we must be sure Cit 

to smell the gas given off, because we may then at once delect ^f 

the following : — <^^* 

•Carbonate . . ef^enescence without odor, and the evolved gas 5^ 

{x>ured into lime-water renders ii milky. ^ 

•Sulphide . odor of HjS (with deposit of S polysulphidc). ^ :* 

•Sulphite . „ SO., ( ,, ., hyj)Osulphite). "* 

•Cyanide », HCN. 

Peroxide . „ chlorine. 

Fe, Zn, or Sn (as metals) — no odor but hydrogen evolved. 

We must also remember that organic bodies, such as alkaloids or 
sugar, other than organic salts, might be contained in a mixture 
which would cause charring on heating, and so lead us to test for 
what was not there. It will be useful at this point to sec how 
we can guard against two of the more commonly occurring of 
such cases. 

(i) Sugar. This will cause the soluble portion to be syrup). and 
when warmed with dilute H..S()^ it will rapidly darken, whereas 
organic salts, as a rule, re^juire fairly strong HjSO^ to char 
them. The solution will have a sweet taste, and after boiling 
with a drop or two of very dilute H^SC)4 it will reduce Fehlmg's 
solution. 

(2) Alkaloids (nitrogenous organic bases). These will cause an odor 
like burning hair on heating to redness. The soluble piirtion of 
the mixture carefully treated with very dilute NH4H() will usually 
give a cloud (which may or may not ilissolve in excess) and then 
the same liquid shaken up with chloroform, and the chloroform 
evaporatetl at a gentle heat, will leave the alkaloid as a residue. 
If no residue be thus obtained then no alkaloid can be prei»ent 
except morphia, and this latter wouUl never be put in a mixture 
unless specially intende<i for toxic ologic.il investigation. I km mse 

• In *<.'Iublc 'alt-. lhc*< ctucl* vnil t«.»mc t>t> .il«i»nj; II( I in <fft»u|» I. 
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its detection requires altogether special work, which will be 
afterwards detailed. 

Having well considered all this, we now proceed to the actual 
work, carefully remembering that all the indications are merely 
preliminary, and that we are not to take notice unless we really 
get a distinct result. If we really do get one, then it may save us 
going so far through our actual acid course, but if we are not 
certain, then it is no use attempting to persuade ourselves and 
wasting time, but we should just note the probability and then 
at once pass on to confirm by the actual course hereafter 
detailed. 

No attempt is made to describe odors, because the student 
should simply put himself through a course of training for this 
preliminary examination on known salts, and learn to recognise 
all the odors, etc. This is a most important study, and should 
be carefully stuck to, until the nose and eyes have been quite 
trained to recognise the individual effects to be expected from 
each acid. 

Step I. Put a portion of the original solution in a tube, or if it be a 
solid cover it with some water, just acidulate with dilute H2SO4 
and look for any effervescence or odor, then boil and smell. 
The following radicals may be thus recognised : — 

Effervescence without odor . . . Carbonate. 

(Sulphide. 
Hypochlorite. 
Red fumes Nitrite. 

Step n. Add another drop of H2SO4, and again warm. 

Odor of vinegar . . . . . Acetate. 

„ „ SO2 with deposit of S . Hyposulphite. 

„ „ HCN „ „ „ . Sulphocyanate. 

„ ,, HCN „ crystalline deposit, \ Ferro- or 

often bluish j T^rm-cyanide. 

„ „ Valerian or sharp odor . . j Valerianate, Ben- 

^ I zoate. Succinate. 

„ „ Carbolic acid . . . ' Carbolatc. 

NoU.—1\it. effects of Step II. will often come perfectly in Step I., and 
then Step II. may be considered as part of Step I. 

Step m. Put a little of the original solid (or the residue left on evapcMm- 
tion if the original was a liquid) into a dry tube, covar it 
with strong H2SO4, and warm, but not sufficiently to cause the 
HjSC* itself to fume. {See note, important to prevent accidents.') 

Thus we get : — 

i Chloride, ^, ^ . f Iodide, 

Nitrate, ^^^''^'' f ^f^' lodate. 

Fluoride. and colored j Bromide. 

Benzoate. l"!^" tic nH /Bromate. 

Succinate. acteristic of) (0,10,^4^, 

Sulpho-carbolate. 
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-,^ , ( Formates — give off CO only, and < on- 

Effme«»nce on wannmg only. ^ucntly the gas docs not 

»hich penuts after wuhdraw- ] ^^^ Hme-waier. 

ing from flame, but with no I o,^/«/« .give both CO and C( ).. and 
daritenmg m color and no ^^^ ^^ therefore renders 

*^^*^* y^ lime-water milky. 

Tartrates — rapid charring and smell 
of burnt sugar. 
Eflervescence on warming, but | /-"'"'"'"-not so dark, and peculiar 

the liquid darkens in color to a K c,yn,/«-sow darkening and ,,eculiar 
greater or less extent. sharp odor. ^ 

Oleates — char and give odor of 
acrolein. 

iMeconate. 
lannate. 
ryrogallate. 
Salicylate (very slow darkening). 

No fumes — gelatinous deposit (or flaky)— Silicate. 

„ „— scaly crystals with pearly lustre— Borate (best seen on 
cooling). 

■o ehuft takM piaoe at all with— Sulphate, phosphate, and arseniatc. 
Chromates turn orange and then green -Bichromates turn green straight 
off. 

Note Important. On adding strong tolphoric aoid to any totid, one drop 
only ahonld be ilrtt earefiuly applied, becante chlorates, iodates. eto., 
are apt to explode on the first toneh of the acid. 

. If we get a decided indication of the presence of any acidulous radical 
as above, we nuy at once apply confirmatory tests for the radical found to 
our original substance, and so save going through the course, es[>e( ially if 
the substance be soluble in water ; but if insoluble a solution must aU-avs 
be specially pre|>ared for acid testing. 

DiTifioa &— Preparation of a Solution for Testing for Addolous Radicals. 

The success of the course for the detection of acids depends in the highe>t 
degree upon the care with which the solution is first prepared. It may be 
taken as a general rule that no testing for acids is reliable unless they are 
present in the form of salts of alkaline metals. It is therefore necessary to 
transform our acids into such salts ; and, to do this successfully, the following 
rules must be closely adhered to : — 

I. If the original is soluble in water, and absolutely neutral to test- 
paper, you may venture as a rule to use it as it is, and this will 
also apply, if it be alkaline, to test-i>aper. 
II. If the original be soluble in water, but in the least acid, we must 
drop in NaHO till it is rendered just alkaline, boil, and, if any 
precipitate should form, filter and use the filtrate for the acid 
course. 
III. The portion insoluble in water (or the whole of the original if all 
insoluble) must be l)oiled with a little NaHO, then dilutc<l. 
filtered, and the filtrate onlv used for the acid course. 
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XcU, If AK /n. Sh, Sn, Pb, or any metal whose hydrate is soluble in 
excess ot' NaHO has been found, then we must use m solution 
of Nx.(X>3 instead of NaHO in both Cases II. and III. 

We roust also take care to prepare plenty of our solution, 

because it' the full ac id course has to be gone through, we shall 

ret{uire ]M)ssibly to employ eight to ten different portions before 

we have finished. 

Thi^ ( ourse now about to be explained is so devised that by working upon 

the prcjared solution, in the presence successively of H(!l. llNO|,HC|H,Os« 

H.'SOt and absolute neutrality, we can insure the precipitation in each stage 

of certain given acidulous radicaU only by reaj^ents which, if used without 

such pre< autions, would precipitate many more than they do when so 

employed. 

Division C- Coarse for the Dataetion of Inorganic Aeids tofolhar witk 

a few (hganies inclnded for certain reasons. 

Step I. Aridulate a {Mirtion of the |>rcparcd solution with HCI» and 
then to su< (.es>ive portions thereat apply the following tests : — 



Rt A'.fM. 



r.ii H I 



A( lit I'rcskxt. 



(.1) RiCI. 



ih) Fe.Cl, . 



[c\ FeS(»4 . 



(4/) rurmeri* ;;ipcr 



White ppt. insoluble in 
iHiitmg HN<>: .... Sulphate. 



I>ark blue ppt . . . 

! Itlood rol itjlor di<» 

« har^'e<l by nj:Cl: . . 

; IiIoimI re«l t4)l«ir ni»t dis- 

charjied by Ik'Cl.. . . 

I >ark blue 

!»ip in and dr>- o\er . 
the ^'as when the • 
{ajier turns juiik < 



Ferrocyanide. 
Sulphocyanate. 
NIeionate. 
Ferric) anide. 



Horat 



e. 



Step II. A4 ululate a {^ortion oi the pre|*.ired si>lution with HNO^ 
a<lil t'ltrii of -VgN't),^ warm and shake, di^rti^ardmi^ anyfruipi- 
ttiU thiU I J Hx'l \*hiU t r \eihU' tvui dntmith itsrJr, llius we 

^ « — ^ 

ge: the tulltiwmg 

itt) Cyanide- ( urd> v(h:te . solu'^c in very dilute NH|HO| and abo 

III Uuling lINt );. 
(/i ( hl<*r:4le~< 'urtly white, soluble ;n very dilute NH|II(), but in- 

soiuMe in Uiilm^ UNO. 
(. rirvjiir.de < 'uri!\ dsrtv white, s'.uwiy Miluble m fairly strong 

NH^IIO, l.u( not m ver> <iil(ite . ins"I.jble in IINOj. 
(•/' I ilide - t urd\ pjle )ell<*w . mv>KibIe even m strong .N'H^lfO and 

.i".-o m HN< >j. 

..j»n »." A,;N< », in j rr-rr.,.t r\* :. f HN«»,. Iki! I'-c (•recipiUtn are (tf 

■ f' .'r •*.• .\\ of'.!) M.'!. 'h* :■: .T i :• '111 r.' •fi?'! iS*^'''% ^urtl« jirrciiMiatci. 
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To distinguish between these four acids we— 

( I ) Filter out the precipitate with AgNO^ wash it, and then percolate it 
several times with very dilute NH4HO (i in 2o),Vhcn AgCI and 
AgCN will dissolve, and can be rcprecipitated from the filtrate by 
HNO|, while any AgHr or Agl will l)e left on the filter. 

AWa — h is very important to hmvc the «lilulc NH^HO exactly the correct strcnj;th, 
bccmuse, if stronger, then .\gHr will alv> (liv«(olve, and in any cam: a mert 
<h%ul 0m adding tkt HNO^ is /o be disre^rdid^ because if A^l'l or AK*N lie 
really prcNent, they will reprccipitate in dii4ina curds (>(i abiding llNO^ 
wanning and shaking. 

(j) If by (1) evidence of the presence of CI or CN be obtained, then 
test a [x>rtion of the original pre[)ared solution for CN by 
Scheele*s test, and if not present then the precipitate was all due 
to CI. If CN be found, then another precipitate must be 
obtained by excess of AgNO^, filtered, washed, drained, and 
transferred to a tube with strong HNO, and boiled, when any 
AgCl will remain insoluble and also prove its presence. 

AW/. A« HCN is »o easily smelt in the preliminary examinatitm wc should always 
know befiire we l>€gin the group whether it is there, and then if it l>e present 
the boiling with UNO, will lie re<}uirr<l, but if not, then wc put it down at 
once as chloride if the NH^HU dissolves anything. 

(3) If, after treating with NH4HO (i in 20), any residue be left on the C^i 

filter, leading to the idea that -XgHr or Agl may be present, we %\^ 

proceed as follows : To a small portion of our prepared solution ^\ 

a drop of mucilage of starch is added, and then one or two droi)S f^ 

of chlorine water. If iodide be present we shall get a blue. r 

Now we go on adding fresh chlorine water till all the blue 
has been bleached, and if the whole is now j>erfectly white only ^s 

iodide is present ; but if it remain at all yellow, then we add f 

some chloroform and shake up, when an orange color in the 
chloroform will indicate bromide. This depends on the fact 
that free iodine combines with chlorine more readily than with 
bromine. 

Itep in. Acidulate a portion of the prepared solution with acetic acid, 
bring it to the boil, and then test successive i>ortions while 
boiling as follows :-- 



Reagent. Kkfect. -Acid Prksknt. 

I 



\ f«) CaCI) .... White ppt. soluble in 

HCl Oxalate. 

(h) Fe,Cl, {not in 1 ^^.^j^^ f Phosphate or 

excess) J I Arseniate. 

(c) Pb<C,Hi05)5 . . Yellow ! Chromate. 



To distinguish between phosphate and arseniate fxactiy 
neutralise a jwrtion of the pre{>ared solution with dilute H.NQj 
and add AgNOj. 

Yellow soluble in NH,H()= Phosphate 
Red do. do. =.\rseniate 



»> 



>-.. 

^ 
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$y.— SPECIAL PROCESSES FOR PROVIHO THE IDEHTITT OF 
CERTAIH READILY RECOOVISABLE SUBSTAVCES. 

{A) SalU of the flalogeni. 

Chlorine u\Uer. Characteristic odor ; entirely volatile ; bleaches 
indigo; K I -♦- starch paste gives blue: AgNOj gives curdy 
mhite. 

Hydnxhtoric acid. Slight fumes with sharp odor and strong acidity ; 
entirely volatile ; AgNOj gives rurdy white ; heated with MnO^ 
evolves CI .. 

Ftrric chloridf in solution. Orange-red li(}uid, not becoming milky 
with H.O ; test for ferric iron and for a chloride. 

Antimonious chloride in solution. Orange-red liijuid. becoming milky 
when diluted with H.O; milky liquid divided; one part 
l)ecomes orange with H.S. and the other ]>ortion, after filtnuion, 
gives test for chloride with AjiNO^. 

Mercurous chloride. Heavy dull while iK)wder. entirely volatile ; turns 
grey when boiled with SnClj, turn^ blai k when boiled with 
dilute KHO, and. after filtration, the li<{uid gives test for 
chloride on acidulating with HNOj and addmg AgNOj. 

Mercuric-ammonium chloride. Opatjue white |M)wder, entirely volatile ; 
l)ecoines grey when boiled with SnCU ; boiled with KHO turns 
yellow and gives off NI^-. and the li(}uid. after filtration* gives 
test for chloride on acidulating with HNOj and adding AgNOg. 

Chlorinated lime. I>ull v^hiie |K)wder, having the odor of chorine; 
shaken up m.th water partly dissolves, and the solution, after 
tiltr.ition, gives with oxalic ai id a white precipitate and evolves 
(1.. 

Potassium chlorate. In crystalline plates, derta^raiing on heating with 
evolution of oxygen and cxp'odm^ when loucheti with H}SO« 
with an inlor of CLO4 . solution gives no precipitate with 
AgNOj; cvajKiraied to dryness, heated to redness and the 
resi<lue diNSolvctl in very little natcr. \ields the tests for 
|>ota^siu^n wiih TtCl, and tor rh'.oru'.e »ith AgNO,. 

Mercurous i^'dide. Yellowish ^rcen heavy ponder, entirely volatile ; 
heateti gcr.iU m .1 dry tulnr gives sublimate of Hglj, leaving a 
globule of inctalh< H^. 

Mercuric h\iide A bright si ar'.et powiitr turning yellow and then 
volatilising *»hen gentl\ hia:c«! <n a piete of (a|ier ; boil 
with dilute Kli<). let settle, and (Kmr off. when the liquid 
gives blue \%ith starch (taste and HNO^, while the insoluble 
jiortion dissoKcd in HCi and boi'.cd «t:h SnCI, gives grc)*. 



i/>> Oxides. CarbonAtes. etc 

iiydrocct f^riwiJe Colorless li«juid with an odor similar to weak 
chlorine water : gives 1 blue «i(h KI and start h {oste, and the 
resulting li|Uid is alkahne to test )U{«er . no precipit;«te witll 
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Barium oxide or hydraU, and Calcium oxidt or hydrate, Wliitish 
powders which, when shaken up with a little water, do not appear 
to be soluble, but render the hquid strongly alkaline ; add more 
water, shake and filter, and apply to the filtrate the tests for Ra 
and Ca, and in another portion prove soluble hydrate by getting 
a brown with AgNOj ; heated in a dry tube give off moisture 
if hydrate^, but not if oxides. 

Magnesium carbonate or oxide. Light white |)Owders not changing 
color on heatin;^ ; dissolve in dilute HCl (former effervesces, 
latter not), and then apply tests for Mg by adding 
NH4Cl-f-(NH4) COj and getting no precipiute, and lastly 
adding Na^jHPOi and getting a white precipiute. 

Zinc cartn^nate or oxide. White powders turning yellow while hot and 
white again on cooling ; dissolve in dilute HNOj (effervescing 
or not), and apply tests for Zn. 

Plumbic Citrltonate. Heavy white powder, turning ye. low on heating; 

dissolve*! in smallest po«isible excess of HNO3 effervesces, and 

the solution diluted with HjO does not become milky; apply 
tests for Pb. 

Plumbic oxide. Yellow or flesh-colored powder, heavy, and becoming 
yellow on heating; dissolves in HNO, without effervescence, 
and otherwise behaves as the carlx)nate. 

Red lead. Heavy red i)o\vdcr turning yellow on heating, but not 
volatile; heated with dilute HNO3 turns brown, and liquid 
poured off gives tests for Pb. 

Plumbic peroxide. Puce brown ix>w<irr, turning yellow when heated ; 
heated with HCl evolves Cl», and the residue dissolved in 
boiling water gives yellow with K^CrCV 

Bismuth oxycarbonatc and oxide, Foimer while powder, latter lemon- 
yellow, and both turning deep orange while hot and pale yellow 
on cooling ; dissolve in smallest possible excess of HNOj, when 
former slightly effervesces and latter not. and the solution 
diluted with H^O becomes milky, proving Bi. 

Ferric oxii'e. Reildish -brown powder unchanged by heat : dissolves 
in HCl without eriervescence or odor, and the solution diluted 
gives the tests for Fe . Hydrated ferric oxide heatetl in a dr)' 
tube gives ofi mi islure. 

Ferroio- ferric oxide. Blackish-brown powder, turne<l lighter by heat; 
dissolves in HCl with effervescence or odor, and solution 
diluted gives tests for both Fe and Fe,. 

Potassium permanganate. Violet needles or prisms, giving off oxygen 
when heated and leaving a residue which when moisteneil is 
alkahne to tcst-|>aiK:r ; giv»»s a tine violet solution turned 
colorless when warmed with HCl and spirit, the resulting licjuid 
giving the tests for K and Mn. 

Potassium bichromate or chromate. The ibrmer is in orange cr)stah. 
evolving oxygen when heated, and the latter is in yellow crystals 
un.iltcred by heat. Both give the tests for chromate with 
AgNC), anl' PlwC.HjO jp and when heatetl with Hi'l and 
spirit lK>th turn green and the resulting licjuid gives the te>ts for 
Cr and K. 
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Chromic anhydrUe. In crimson neeillcs, giving off oxygen vhen 
heated and leaving green Cr.O ,. A solution mixed with dilute 
spirit gives off the odor of aldehyd, and forms a deposit of 
green (.*r„()j. 

Antimonioui o.xitii. A grcyij>h- white pDwdcr, readily fusible by heat ; 
insoluble in HNC>.« but soluble m heated strong HCI ; tlie 
solution diluted with Hc) becomes milky and then turns 
orange with H»S. 

Mercttric cxidf, A yellow or rod powder entirely volatile by heat ; 
heated in a dr>* tube gives off oxygen and forms a sublimate of 
metallic Hg ; dissolve in dilute HCI and apply tests for Hg. 

Arj^cntw oxide. An olive-brown |>owder, giving off oxygen and leaving 
metallic silver when heated; dissolve in dilute HNOj and 
apply the tests for Ag. 

fC) Snlphates. ete. 

Sulphur, A yellow or yellowishwhite crystalline amorphous |)Owder, 
which when heate<i takes fire, forms SO;, and entirely burnt 
away; insoluble in H.O; boiled with HNOj dissolves vith 
evolution of rol fumes, and solution diluted gives white with 
BaCL. 

Sulphurtttfd hydroj^en xctUcr. Colorless solution with odor of H^ 
and entirely volatile by heat ; gives black with Fb<Cf H^Ot)^ 
etc. 

Poiaaium piiSiUifhidr. A greenish deli<)uescent solid forming a 
greentsh-yell(»w solution having the odor of 11^. Acidulated 
with HCI and ))oiled gives oti' ITS, de(K:»sits S^ and the solution 
gives test for R with l*t('l«. 

Kerma minnal {Antimmy sulphide, eti.) An orange- red powder, 
which when heated burns, giving off SO. and leaving a lighter- 
colored residue : entirely soluble in NaH(! ; soluble in boiling 
\\C\ with e\«'lution of H S. and this solution diluted becomes 
milky and turns orange on adding' W > : origmal powiler toiled 
with solution of KHC«H«0, |artl\ dissolves ami the solution 
gives tests f«)r >b. 

SulfhuroHs acid. Colorless o;'iid ha\in^ o«!or oi SO* and entirely 
volatile by heat: HaCI -r.e> no precipitate, or only a slight 
•jne, but on adding; chlorine water a dense prec ipitate is prch* 
duced bv HaCl.. 

Sittphurutuid. A heavy, colorless, ».:r'»ngl\ at id Ii<juid. which e%'aporated 
on a piei e I'f ;a)>er ch.irs it . entirely V(»latile by heat; BaCl^ 
gi\es white precipitate when diluted, dissolves metallic xinc 
with er!er% csren* e. 

Mtr.urt: iulfhaU, U hite < rys'all.nc hea\y j-jwder, entirely volatile 
Sy heat : treated with water forms a \ellow insoluble |iowder, 
the li'}uid {Kiuretl off tr<«m whuh »:i\rs wh:te with llaCI| ; the 
\e!low ;-mc!er, di-^s.^'veii m H<'!. ^-ixe* the tc**:* for Hg. 
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(/>) Borates, Vitratet, Phesphatet, etc 

R^ric add. In minute tabular crystals, not volatile by heat, but 
fusible to a glassy residue which is acid to moistened test- 
paper ; not appreciably soluble in cold water ; soluble in 
rectified spirit and the solution bums with a green flame. 

Nitrii acid, A fuming liquid strongly acid and volatile by heat ; 
warmed with metallic copj>er gives off red fumes. 

Bismuth o\ynitrat€. Heavy white powder, turning orange on heating 
and becoming pale yellow on cooling : insoluble in water but 
soluble in HNO- and the solution diluted becomes milky: 
dissolved in e(|ual parts HjSOi and H^O and a cold solution of 
FeSC)4 gently poured over the mixture, the characteristic nitrate 
ring is produced. 

Calcium and sodium hypophosphitcs. White granular powders which 
on healing take fire, giving dense white fumes ; if heated on 
platinum foil, go ihrr)ugh it ; dissolve and apply tests for Ca, 
Na, and hypophosphite. 

Phosphoric acid. Colorless strongly acid licjuid leaving on eva{>oration 
a non- volatile glassy residue, also acid to moistened lest-pajier ; 
no precipitate with AgNOj, but on carefully adding NHiHO 
a yellow precipitate is formed. 

Calcium phosphate, A light white i>owder unaltered by heat ; soluble 
in dilute HNO3, such solution giving a gelatinous precipitate 
with NaHO, insoluble in excess, but soluble in acetic acid ; 
the solution so obtained, when divided, gives, in one part, a 
white with (NHi).('Oi, and m the other a gelatinous white with 
FejCle. 

Ferrous phosphate. A slate-blue powder turned reddish by heat ; 
insoluble in H-O but soluble in HCl : a portion of this solution, 
diluted and dividetl, gives the tests for iron, and the remainder 
mixed with tartaric ac id and then with excess of NHJiO gives 
a clear liquid which in turn yields a white preci[)itate with 
mat^iitsia mixture, 

Arsenious acid, A heavy white crystalline i)Owder entirely volatile by 
heal, slightly soluble and feebly acid ; HCl -^ H-S gives 
reaction for arsenic; AgNO- and CuSO^ give no precipitates, 
but on carefully droppmg m very dilute NHiHO a yellow and 
a green pre< ipitate are respectively [)roduced. 

Ferrous arsatiatt. A pale yellowish ^reen powder turned dark red 
by heat: dissolved in HCl gives tests for Fe ; l)oiled with 
dilute KHO and tillered, the riltrate after exact neutralisation 
by dilute HNf): gives a red j)recipitate with Ag.NOj. 

iF) Organic Salt 

Sail of iorre't ( Poiassiiim binoxalate). A white cr\sialline ])Owder 
burning when healed, but not charring to any extent, and 
leaving an ash that is alkaline to moistened test)>aper ; the ash 
dissolved in HCl ;:ives lest for K with PtCl^ ; the original 
diss<jlved in water bv the aid o! .\H|H() i^ives the test for 
oxalate with <'a<!l?. 
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Crtam of tartar (potassium bitartrato. A white gritty powder, charring 
by heat and leaving a black ash which is alkaline to mobtcned 
tcst-pa|)er ; the ash is tested by K as in the last case ; the 
original heated with H2SO4 chars strongly and gives the odor 
of burning sugar. 

Ri^htlU salt and ntutral potassium tartrate, lioth are freely soluble 
and char when heated, leaving an alkaline ash : a strong cold 
solution acidulated with acetic acid lets fall a crystalline 
preci)>itate of KHCiHiCV,. and the sui)ematant liquor gives 
with the former a yellow and with the latter a violet flame 
test. 

Tiirt<tr emetii (|>otassium antimonyl tartrate). Chars on heating, 
Icavini; an alkaline ash : suhition acidulated with HCl gives a 
white cloud soluble in excess, and 1I.«.S then gives an orange 
))reci))itate : the original gives the tests for a tartrate. 
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CHAPTER V. 

QUALITATIVE DETECTION OF ALKALOIDS AND OF THE 
SO-CALLED "SCALE" MEDICINAL PREPARATIONS 
USUALLY CONTAINING THEM, WITH A GENERAL 
SKETCH OF TOXICOLOGICAL PROCEDURE. 



SiymOH A. COURSE FOB THE DETECTIOH OF THE ALKALOIDS 
AHD ALKALOID SALTS VSED IV MEDICnTE. 

AW/. — Aconitinc and atrupine arc umittcd l>€cau*c they can only be really detected 
by eai<rimentH upon animals which are now illegal except by Mtecial 
licence. Salicine. although not an alkaloid, \s includetl for convenience, 
as it may l>e mixetl with <}uinine. 

In this course not more than two definite tests for each alkaloid arc recorded, 
aixi for the remaining tests the reader is referred to the full table in Division I) 
of thu chapter. 

Step I. Heat on ))latinum foil. If the substance at once takes tire and 
bums away with a smoky flame and an odor of singed hair, it 
is probably an alkaloid. 

Step n. Put a piece of red litmus paper on a watch-glass, lay on to this 
a little of the substance, and moisten it with a few (iro|>s of 
strong rectified spirit. If. on standing for a short time, the pa|)er 
is rendered blue, we are dealing with a free alkaloid; if not, 
then it is an alkaloid salt, and in the latter case we shall have to 
search for the acid as well as the base. 

AWr — .\cetate^ of alkatoi<l«« often become l>a>ic an<l consequently alkaline !»y 
keeping;. m> beware of this. 

Step TIT. To a fragment of the substance on a watch-glass (placed over 
white paper) add a drop of strong H.^SOi, and stir :— a bright 
red=:8idicine and a deep red=Veratriiie. 

Confirm this latter by getting a yellow with HNOj and a 
blood -red on warming with HCl. 

\Ht In each step any adors other than th«>^ herein reo>nled arc l«» l^e di^regardol. 
.Many alkaloids {;ivc )ule dirty pink» \«ith II^SO|. 

Step IV. To the li(juid in which H ."nOi has given no distinct rctl add a 
small fragment of i)owdereii ammonium molybdate, and stir. 

{a) (jrccn.^h pun,lc , =„orphme or Apomorphin.. 

Cirecnish blac k \ ^ ^ ^ 

Confirm by adding HNOj to another fragment, when jalc 
red = ni()r[)hine and tine purple = aj>omorphine. Further con- 
firm morphine with FejCl. (blue* and with H.^S(),-h Na !IAs()4 
(bluish-green). 
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\h) liH^ht orangc-re(l=Bnieine. 

Confimi by testing another fragment with HNO3 Ami getting 
a t)right rc<i, turned t«) violet on warming with SnC1^ 
(1 ) liright grcenishbluc = Codeine. 

Confirm l»y adding UNO:, to another iv)rli')n = i)ale evanes- 
cent yellow. 
(1/) A yellowish -green =iPhyBOttigiiiiiie. 

( 'onfirm by adding H N( )•. to another [)ortion = strong gamboge 
yellow. Further confirm by getting a red with KHO, becoming 
l.'lue on e\a|K)rating to dryness on the water bath, and dissolving 
in H('l to a dichroic solution. 

Step V. Treat another fragment with a drop ol H-SO| as before, then 

let another drop fall near it Into the second drop ))ut a fragment 

of |>owtiered potassium bichroniate, let it digest a moment and 

then stir the <lroj)s together. 

ill) lieautiful violet • evanescent ) = 8tr3rchiiine. 

< /■ ) KmeraUi green after standing some time = Caffeineof Pilooarpiae. 

Test another portion for caffeine by adding a crystal of KClOi 

and a dro() or two of liCl, eva|)orating to dryness and getting 

a rc<i re'iidue be< oniing purple with NH«H(). 

.V-.'. . I><i nn! U-^i U- t<-i hurriolly .\\m*wx {»il«H.arptnr ; v! the j;l.i»* a*i»lc for half an 
hiiur, .nti'l tlun if thr cmcraltl i^rrrn !<> /ui/r Ui'tin t ,tn./ tut in*h*.ma ^lkai*uJ 
t! ft, '.h: \i»ii m.iy i<>n«.Ui«ic ihat piltK.irpmc 1% fcilly there. 

u ) Dirty italeyelloi^ish pink = Cocaine. 

Xctr Thi^ \i>\ 1^ no( \tty iC'Mtit. Imt a minufc* \\m 'p of a •lilutc M^lution pUcnl apoo 
?hc t"n(;u'* uil! .Mtt%e tin(*hn(; and numbrirN<k. an<l a «tn>ng miIuIKni will gnre 
.1 I'lcipn-i'v %Mth iMI.V * *, ♦••W<V 111 r\«.ciH. Aomitine, which iIm 

tif.jilc* the :i'nj;«ir, :* not j re* ipitatnl by <NII,J <\.) 

Step YI. Dissolve some ot the original in water (using a drop or two of 
a< eti( a< id to help solution if necessary) then add chlorine water 
and a j^radual excess ot Nil«H(>. .\ clear green solutions 
Quinine or Qainidine. A white pro ipiutc=(HnehoiiiM or 
Cinchonidine. 

AXv. Iti i^iTM-nc of «aiii'>!atc the «iri!itur) tr-^t'^ f*>r quinine fail, aii*! in thi» ouc it 
!•> nrcckvtry t<i ili^MiSe :n 'iilatc )i}'iriMhli>rK act<1, shake up with ether to 
rrni* \r valuytn ac:<1. an*! then -Uxw ••tf tlir i«a!rry >M«iutt«)n fnim l«fMath 

•li'- '-tJ-cr .iti'l ret I? f-»r -jun'inr 

it) Vo distinguish Inrlween «juinine and •juinidine. 

I )isso!ve in hot water with a drop of dilute il.'^'O^ and cool, and 
it any < ry>taU *«c|iarate out they arc probably sulphate of qiimine 
.md Alt rrjecteil by tilt ration. (The profier profiortion of 
water and alkaloid >alt to start Hith w i of salt in alxMit 15 of 
water. Ii vou aredeal:n«; viith a fre^ alkaloid you must dissolirc 
1; in hot water nith the siDaliest |M>%sibleaiiiount of dilute llfSO^ 
an<i then coo! i Now add \ery caretully dilute NH4H() until 
the «»olution is .\% nearly neutral as p»s»ible witliout |*fotlticsng 
a )»erm.)nent pre« ipitate. < o<il |»cr1e( tly, and add a few dro|)t of 
saturated solution of r<Khel!e salt^, antl stir well or shake. This 
will pri< ipttate quinine. If not, then add a little saturated solu* 
tion lor a small • r\stal< of KK and shake, whu h will precipitate 
qainidine. 

.V \ - p r. : • :-^ -^f ihl r j*- w^'er a- 1 •? rt» rhe ;m :-.'.r.a , • .:Jtt.!*'/r. a f<rrfi\tlf 
: ..r ■ vil;t!t'«) tr*u*:», 'h^n »r ri*^- f. ■' •*-i'.h ! «f iWAlinr, hut 
, * .. i-imr-, .■.. j.'.:..- •-, I*ic;fr«''n el ■^■ r. . -.•: ii .*ay* t j:.j*«* ■ milkl* 
nc-- .r. ".- gi'-rr.. 
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(b) To distinguish between cinchonine and cinchontdine. 

Dissolve in water, by aid of HCI if necessar)', then cool and 
carefully make as nearly neutral as [)OSsible with very dilute 
NaHO (if necessar)*), and then add saturated solution of Kochelle 
salt and shake, when a precipitate =oi]ieho]iidi]ie. If not that, 
then add NHfHO : white precipitate =6iiiehonine. 

^#f/.— The general principles to kcfi> in mind a<i tf> the cinchona Alkaloidn arc 

II) That in a fteutrai s^uuti.^n rochcllc «ah precipitates quinine and cin- 
chimidine as tartrate^, leavinjj the uthcfN in button. (2^ After HItratton (if 
nece^ary the addition r>f (MitanMum loditle and a little tpirit precipitalei 
i)uinidire a\ itnlidc. leaving cinchonine and the amoq>hous alkaloitls 
fquinnidinc. etc I in solution. (3) From \\\\s <i4>lution exce\% of ammonia 
precipitate*^ l»oth, and, on shaking with ether the amorphous alkaloid 
)iav>e> into the ether and the cinchonine remains as a precipitate. (4) The 
separation of <)uininc and cinch<»nidine may be roughly {terformetl liy 
shaking up %iith ether, m the presence of a tfry slight excess of Nli^llO, 
an«l then corking the tulie ami letting it stand in cold water for some hour«, 
.when cinchonidine, if present, dep<»sitH in crystals, arul quinine remains in 
ihe ether. For this, tne ether must l>e in very small <}uantity. just so as to 
form a disiincllv visible Kiver. 

Step VII. If we l>elicve that we are dealing with an alkaloid salt we must 
now proceed to test for the acid. The acid radicals usually 
present in alkaloidal salts of commerce are, chloride, sulphate, 
acetate, phosphate, citrate, mcconate, nitrate and salicylate. 

The first step will be to dissolve a little of the alkaloid salt in 
very dilute HNCK, and test (i ) for CI by AgNOj; (2) for SO^ 
by BaCU : '3) for 1H)| by excess of ammonium molybdate and 
HNO,. ' 

The next will be to dissolve in water only, and test with 
Fe;,(1^ for acetate or meconate (red) or salicylate (violet). 
(Acetate decolorised by boiling, meconate not so ; also acetate 
gives no precipitate with Pb(('^H30.)., and meconate does. 1 

I^astly, we must test in the usual way for a citrate (but unless 
the base be caffeine, this is not likely), and also for a nitrate 
«esi)ecially with pilocarpine and str)chnine). 



snrmov b. quautatiye ahaltsis of scale prepaeatiohs. 

These commonly contain 



Metalt 


t >rganic ba^o 


Acid* 


Ammonium 


(^)uinine 


Tartaric 


Iron 


Cinchonine 


Citric 


Potassium 


Cinchonidine 


Pyrophosphoric (or hyjK)-) 




.Sir>-chnine 


Sulphuric. 




Bel)erine 





Stop L Heat a little to redness on platinum foil, and observe the 
following possible cases : 

(a) If it entirely burns away we sus|)ect Beberino fQlphata. Test the 
original solution of the scale fcr sulphate by BaClj, as usual ; 
and for beberine with KHO, getting a yellowish white precipitate 
entirely dissolved by agitating the liquid with twice its volume 
of ether. This ether separated and eva])orated to dr)'ness 
leaves a yellow resinous looking residue entirely insoluble in 
dilute HCI. If beberine sulphate be thus proved, go no farther. 
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(b) An ash is left : (a) Put a small fragment of the ash upon a piece of 
red litmus |)aper, moisten it with a drop of water, and, if it 
turns the \^\yct blue, sus|>ect potaniiun; (b) Dissolve the 
remainder of the a^h in nitric acid, dilute and test wi(h excess 
of ammonium molybdatc for photphorio acid. 

AW. If K lie %uspccic«l, prove it by i^iting M»mc more of the scale, extrmcting the 
aNh with very little l>oiling mater, filtering, co<»ling, ami adding I*lCI«. 

Step n. Make a weak solution of the scale, acidulate it with a drop of 
HCl, and test for ferroat iron with K^Fe^Cyi}, and for terie 
with K4FrCv^.. Also test another solution of the scale by 
adding excess of AgNOj, when a copious precipitate may form. 
Now add a drop of very dilute NUiHO till the precipitate Jnsi 
comnuncfs to dissolvt and heal, when reduction to black or a 
mirror = Tartrate. 

Step m. Make a fairly strong solution of the scale, add excess of NaHO, 
boil, and smell for ammonium. If neither phosphoric nor 
tartaric acid has l>ecn already found, filter out the precipitated 
ferric hyc'rate and use the filtrate for testing for acids as 
follows : — 

(a\ Test a {Mmion for citric acid exa( tly as directed in the organic acid 
course (|Kige 80). 

{h^ Test another jxirtion by exactly neutralising wiih HNOj and adding 
.XgNO]. when a white prcripitate=:pyrophofphate, and the same 
turning b!a( k = hypophof phite. 

Of course this step is never to Iht taken unless an indicatioo 
of 1* be got in the ash with molybdate in Step I. 

Step lY. Make a solution of a fair amount of the scale, add a drop or 
two of very dilute NH,!!!). and then add some strong NH4HO. 
Scales with str\< hnine only will not show a precipitate; with 
quinine they will give a [recipiiate with the dilute NH4HO 
and this precipitate will dissolve in the strong ; with cinchonine 
or cin< honiiime a prtt imitate (while) will remain even with 
strong NHjHO. 
Ciiif (-7). There is either no prci i|»il.iif, t>r it dissolves in strong. 
N!l«HO : — Add some rhlor*»fonii ar.d vhake up Sejaralc the 
chloroform by a pi|»elte, and cvajH.r.ite it to 4ir)ness in two 
|)ortionN on separate white «ii'»hc>. TcNt the one residue for 

Strychnine with H;M >, and K.< r.< ».. and the other for qumifte 
with chlorine water anil NUiHt ). 
Ciis€{/i). The .\H|H() causo a fiermaneni while precipitate: — 
Killer out precipitate, and d sso!\e \\ off ;} e t.lter with a little 
warm water containing a few* drops ot af':!ir acid, lioil the 
solution down to a low bulk. axA. neutralise if necessary with 
very dilute NaH<>. and then a<ld a lew tlroj^s of saturated 
solution I'f riKheile salt** and shake, when a white precipitate 
=cinchonidine. It not that, then add Nll«HO. when a white 
precipitate insoluMe en shakm^; w.ih (.iitr^cinehoailie. 

DIVISIOH C. OEVEEAL SKETCH OF THE METHOD OF TESTDTO 

FOR POISONS nr MimrEEs. 

This f"i»urse \s onU carried down l*» thf \k< n^rtw^i of preliminary 
procedure for the /» t\tu\ n ot the |K»ison. all the jn'tivid :al tests to lie after- 
wards ap[>lied hivmg l>cen alrea h fu!l> tlescrilnrd m :hi» or former cha(>ten. 
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tttp L If the liquid be very strong, acid effervesces violentl** with 
NaHCOa, test for )>oisonous acids, specially for Hitnc and 

OxaUa 

Step n. Acidulate with I of its bu^k of HCl (filter if necessary), and 
apply Reinch*s test for As, Sb, and Hg. 

Stef m. Bum to ash, dissolve this in HCl and test by ordinary 
course for poisonous metals, especially Pb, Cu, and Zn. 

Stef lY. If the original, either alone or when heated with dilute 
H,S04, gives the o<lor of HCN or of carbolic acid, test 
specially for them. 

Step V. 1/ the original has no odor of opium we proceed to apply Stas's 
process for the detection of alkaloids as follows : — 

If the original be a solid, it is operated u))on directly, but, 
if a fluid, it is first evaporated to dryness on a water bath. 
Add some strong alcohol and a small cr>'Stal of tartaric acid, 
boil and filler. Kvaporaie the filtrate to dryness on the water 
bath, and take up with warm water slightly acidified with 
acetic acid, then t ool and filter (if necessary), taking care that 
the liquid just remains acid. Now put this acid liquid into a 
separator (fig. 17), and shake it up with ether or ben/ene, and 
carefully separate the ether. (This ether may contain fat, certain 
bitter principles, and glucosides, and therefore, in a 
general investigation of a drug, it should not be rejected 
but evaporated, and the residue examined.) Now make 
the liquid distinctly alkaline by the careful addition of 
Na}C(>3 or NaHO, and again shake up in the separator 
with chloroforir, which will take up all the alkaloids 
except morphine The chloroform is separated, eva|>o- 
rated at a very gentle heat, and the residue tested for 
alkaloids by the course given in Division A or by the 
table given in Division D of this chapter, lastly, the 
alkaline liquid is shaken up with amylic alcohol, which extracts 
morphine and leaves it upon evaix>ration. 

\§it. — \\ it often licttcr to j;ct the alkaloidN out frt»m chlori>f»>rTn or amylic alo>hol 
by fthaking llie M?(>aratcd "iolvenl up ujih vi.itcr .nci«lulale«l nith acetic acid 
or IICI, thu« getting an aqueous solution ami lea\ini; any resinous nutters 
in the chloroform. 

Step VI. Whtn opium is susprcted, .Xcidulate with acetic arid and 
filter, if necessary (any alcohol present being ^ot rid of by 
boiling it off). Precipitate when cold with solution of plumbic 
acetate, filter and preser\e the precipitate (a) for examination 
for meconic acid and the filtrate (it) for moq)hine. 

(tf) Precipitate (a) is susj>ended in water and treated with HjS till jier- 
fectly decom|)oseti ; the l*bS filtered out, and the filtr^ite. after 
cva(K>ration to drive otT W-S, teste<l for meconic acid. If this 
be found, it is held to be sufficient proof of presence of opium 
taken in connection with the odor oi the original. 

(^) Filtrate freed from Pb by HjS and filtering is evaporaird to 
dryness with a slight excess of NaHCOj on a n-ater bath. 
The residue will yield its morphine to alcohol, generally in 
a state sufficiently pure to evajKirate a drop, and test. If not, 
then amvlic alcohol must be used. 
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DIVISION D. GENERAL RESTTME OF THE TESTS FOB ALL THE 

CHIEF ALKALOIDS. 

The following tables are those given by Dragendorff in his "Pflanzenanalyse." 
The author has carefully repeated these tests, antl has found them to be fairiy 
accurately described, except aconitine, for which the reactions given are not 
characteristic. Reference to such a list will rarely be necessary, the working 
by Division A already given being amply sufficient for all ordinary purposes. 

The following are the reagents used : — 

1. Pure strong sulphuric acid free from nitrous fumes. 

2. 200 parts of sulphuric acid with 1 part of nitric acid. 

3. 'I gramme of sodium molybdate in 10 c.c. strong sulphuric acid 

(Frohde's test). 

4. I part alkaloid mixed with 5 parts powdered white sugar, and then 

strong sulphuric acid dropped on. 

5. Sulphuric acid and potassium bichromate used as already described 

in Division A. 

6. Nitric acid (strong 1.3 sp. gr.) 

7. Strongest fuming hydrochloric acid. 

8. Ordinary solution as neutral as possible. 

The reagents being generally added in turn to a fragment of the dry 
alkaloid, or to the residue left on evaporation of an alkaloidal 
solution. 
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PART II. 
OrAXTITATIVH ANALYSIS. 

CHAPTER \ I. 

WEHiUIXG. MKASIKIXG. AXD SIECIFIC UHAVITY. 

I. WSIOHIHO AND MEASTTIIIHG. 

All bodii-s riiuiualiy aliract each oilier. As ihe earth is the larcL-si l>ody 
within our aliiiosphere, it fuUows that its attraction is always greater than that 
oCany surrounilmg matter. The force thus deve]o|>ed is called the attraciiun 
of gravitation, and its exercise is the cause of weight. Weighing Is [lerforincd 
by means of the wellknown aiipliance called the bftluiee. Figure iS 
illuittrates a < hemical balance of the modern short-l>eam type, ii is the 
handle b) which the baUnce is put into action, and k is the a|i{iliance for 




]>lacinK rider uei>:hts upon the graduated bexni, aided by weights made either 
accordini; to the Knglish or the metrical system, as follows: — 

lit) The En^lith iy ite la . - -\j\ weight> of prcciMon, any amount above lo 
grain* 1% usually re|>resented by a series of small brass cylinders, from lo to 
looo grains . then follow 6. j. 3. i and 1 grains in jilatinuro wire, and afterwards 
'6. 'J. {. .', nnd I of a grain in plitinum, or. more Iretiucnily, in aluminium 
»i(e. c^iujntiiies of less than ,'.; ((rain are weighed by a small lider of gold 
wire placed on ilie Iwam of the balance. The foundation of the English system 
Is the iiiih One cubic inch of ilistilUd water, measured at Co" V. and 30 
inches bjrumet[ii.al |<ressure, ut;igh< ^s^ 45 grains, or 35 J ' grains nearly. There 
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are 437*5 grains in an ounce, and 16 ounces (or 7000 grains) in a pound. 
Measure of capacity is obtained by weighing out 10 lb. of \%iter at 60* Fahr. 
and 30 inches bar, when the whole measures one gallon. The gallon is in 
turn divi<ied into 8 pint< ( =20 ounces, or 8750 grains of uatcr. \\tx pint); 
the i)inl into 20 fluid ounces ( =437-5 grains of water per fluid ounce); the 
fluid oun< e is divided into 8 fluid drachms ( =54-68 grains of water per fluid 
drachm) ; and, lastly, the fluid drachm is divided into 60 minims ( =-91 grain 
o( water in ea< h minim). 

(b) The Mttncal system, — The metrical weights of precision al>ove one 

gramme are m brass: and then we have -5, 2, -i, i, and following them 

05, 02, Of. *oi. all in platinum or aluminium foil. The ({uantities below 'oi 

<onc rcniigrammc) arc weighed by a rider on the beam. The combiiution of 

5. 2, I and I has been chosen because they have 

been found to give the greatest number of possible 

combinations with the fewest weights. Figure 19 

shows such a box of metrical weights as usually 

"^ '" employed in (quantitative analysis. 'l*hc metrioil 

system is founded uj)on the met re. The metre is multiplied and divided 

entirely by 10. thus 

K»I *-n»rtri- ...... tCXX)' 

Heel* ►-metre ...... loo 

mrca-inctrc ...... lo" 

X«trt 1 

Ik-ci-tnctrc ....... I 

<'cii!i-melrc ... . . . OI 

Milli-riu-trc .... <»I 

The metre taking the practical plare of the Knglish yard, the decimetre 
ronse<iuently akcs the place of the io<»t, and the < entmietre of the inch ; and 
just as weight is got in our system from the < ubir in« h. so it is got metrically 
from the cubic centimetre, only nuu h m<»re simply. lK.*<a!ise i cubic centimcirt 
oj distilled u\tter, nieasund at 4" (\ and 760 millimetres bxir.^ u^iii^hs 099€ 
ji^ramme. The gramme is nuilti|lie(l and divi<icd c\a< tly .is the metre, thus; — 

. !■» •gramme \*m») 

f!*-v:- ••gramme Ho 

I »i ■ .i-j»r.immc lo 

Ormmmt 1. 

I » vt ^: anitnr I 

« «n*:j;r.''T»n»c ... OI 

Mil.: .^ran.rnc . c»»I 

One kilograinme < 1000 grarnint*s» of water at the -• rvltrd temf»t:rature and 
pressure me.isurcs one litre «or icoo « ubir tcnijfr.;.*ircs». and wc have therefore 
the foll«»wing sunple relation of weights and measure*' al water. 

lom» ,;rjn:!ur* ... I "..'rr -.r i«*«>vi.lt vcntiinrtfc* 

I<«> .... If- .1 '•«• r |.*> 

10 .. I ' if''.-..trf .»r 10 ., 

I ^'rArr-.n'.'- I n.; .-Ii'ic "f I ^.j.\'U icntimrlfc. 

So we see that usini: «iater at 4*'<'., a gramme by weight and a « ubic centi* 
metre by measure amount to the same thing; as likewise do a kik>gramAe 
by weight and a f ubie decimetre t»r litres by measure. The relation l>etweeo 
the tw«> s) stems is easilj ral* ulatol from the f >llowm^ standards : - 

M«!ruA! K n,;h»h. 

I K; 'v' •''>"-^" -• 2^^>^ IV. ' 1 ;.4;j j:ai:.o 
^- I I, r.' I 70 ; «!-•» • or :; •< .• 2 '.tj. ? t:.« 1 1 in.nitn*'. 

So thit I de« nretre i*. as ncarlv as possible, 4 jn« he^ . an«i i decilitre, a 
tr rte over x\ \hvA oin<cs. 
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IL 8PECI7IC 0RA7ITT 

nuiT be generally explained to be the weight of anything as comi>ared 
with that of an equal volume of something else taken as a standard. For 
lk|uids and solids the standard is distilled water at a temperature of 60^. An 
acquaintance with the various cases which may occur in the taking of si>eci5c 
gravity is of great importance, as it forms an exceedingly ready method of 
testing the purity and strength of many substances. A knowledge of the 
spednc gravity of the various bodies also enables the chemist to tell at once 
what any ^ven volume of a litiuid ought to weigh, or conversely, what size of 
a vessel will be required to contain any given weight. The following are the 
chief varieties of cases which may occur in taking : — 

{A) Specific Oravity of Liquids. 

Cask i. To take the specific gravity of a fluid. — A small bottle of thin 
glass is procured, and counterpoised \i\xin a balance. It is then filled with 
distilled water at 60^ F., and the weight of the water thus introduced noted. 
The bottle, having been emptied and dried, is filled with the li(|uid to be 
tested, also at 60^ P\, and the whole is again weighed. By this means, 
having ascertained the weight of equal bulks of water and fluid, it only 
remains to divide the weight of the fluid by the weight of the water, and 
the quotient will be the specific gravity required. To make the calculation 
clear, observe the following exam|)les : — 

A conntcrpoMfl l>ottle filletl with dutilled water weighs tooo grains; the -axwc buttle 
fiUcd with folphuric acid weighii 1843 grains, then : 

**•' a 1843, the &pecthc gravity of the aciil. 
Agita, the lame bottle, carefully washed, ami HUcd with rectifieil spirit, weighs S38 grains 

^ — '838, the specific gravity of rectified spirit. 

In practice, bottles are sold with i)erforated stoppers, which, when entirely 
6Ucd with the licjuid, and the stopper dropped in, so that no bubbles of air 
are allowed to remain between the stopper and the liciuid, exactly hold a 
given weight of water. .\ counterpoising weight for the empty bottle is 
also provided ; so that there is nothing further to be done but simply to 
place the counterpoise in one scale, and the bottle, filled with the li<|uid under 
caamination, in the other ; and having ascertained the weight, to divide by 
the known weight of water for which the bottle was constructed. Fig 20 
shows a specific gravity bottle in its case, with the counterpoise in a little 
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boi on the lid. Fig. at shows a ^pe<.itic gra\.ty bottle the stopper of which 
is a the rmometer, thus enabling us to observe the exact temperature of the 
bqind at the moment of weighing. 
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Case 2. To take the tpeoiilo gprarity of a liquid by meani of the hjdro- 
aetar. — The hydrometer de])ends for its action on the theorem of Archimedes. 
If a solid body be immersed in a li^iuid sfKnilically heavier than itself, it 
continues to sink until it has displaced a bulk of fluid e<)ual to its own weight, 
and then it becomes stationary. Su{>|x>se an elongated body with a weight at 
its base to cause it to float upright, which has a specific weight exactly half 
that of water, be immersed in that fluid, it will sink to exac tly half its length, 
because its whole weight is counterf>oiscd by a bulk of fluid equal to half its 
size. Hydrometers are long narrow glass or metal tubes with a bulb near the 
bottom filled with air, and another smaller bulb beneath containing a suflkient 
quantity of mercury to weight it and cause it to float u|)right. There are two 
kinds of hydrometers: <i) for fluids heavier than water, and (2) for fluids 
lighter than water. The ^^raduation of the former i*> (Krrtbrmed by immersing 
the instrument in water and introducing such a quantity of mercury a» will 
cause it to sink, so that only about one inch remains unsubmerged, and 
marking this |>oint 1. The instrument is then plunged successively into 
several Ii({uids heavier than water, the s|»ecif)c gravities of which are known, 
and the i>oints to which it rises are marked and numlnrred. By thb means 
a scale can be made between those {joints, indicating any gravity from 1 
upwards. In hydrometers for Huiils lighter than water, the first sinking in that 
quid is continued by weighting until only the U[i]>er bulb is immersed : and this 
point having licen inirkeii 1. the instrument is pbced successively in known 
fluids lighter than water, the iM>int) to which it sinks marked, and by this 
means a whole scale is obtained. The method of using the 
hydrometer is readily seen from the illustration <fig. 22), in which 
(Ai is the hydrometer. an<l (in is a thennoincter also placed in the 
lt<{uid to show the tem{)erature. Most hydrometers being made to 
indicate s|>ecific j^'^^ity at 60' F., it followik that the liquid must 
either l>e first brought to that temperature before using the instru- 
ment, or else the tetii(>erature employed mu>t be noted, and a 
calculation made, based u)>on the coeftK ijnt of expansion of the 
li«liiid in tiuestion. 

IJy -\ct of rarhament Sykes's hydrometer is used by the oflk er» 
of excise to indicate the strength of spirit aous liquors, and thus 
facilitate the collection of the revenue. It is a short bra>% instrument with the 
stem graduated from c to 10, and a series «>f nine uet^'hts tu )»lacc beneath 
the bulb. By ihu* U-inp able t«> change the meight, the length of the stem 
is only ^V, <>f that it H«mld need to l>e with a {»eriiianent weight, and so the 
instrument will wt>rk in a pro|K>rtii>natelv smaller quantr.) <>{ lujuid. In using 
It, the thermometer mu*«t also be emplo\ed . and !»y observing (n the tern- 
|)erature, < j the weight put on. and ( ;i the [Oint to whit h it sinks on the 
stem, and referring to a book u! t.il/.cr» mhHh is soM mth :he hvdrometer, 
the strength of tl;e spirit i^ ascertained. 

.\nother in»*difi«.ition of the in-trununt \> lound in Twadilell's hvdromcter. 
which i> usetl in ihi> countrv !i»r testing the denMtv «*! hquids having a greater 
S|)eiiru ^'ravitv than water. It i^ so graduated that the reading of anv indi- 
cated degree, muliiplie 1 bv ^ and added to i:ci, ^ive> the s|iei ihi. gravity 
as conqureti with water. S^iecifu gravitv lieads frin tl.e onlv other variation 
of the hvdroinetnc idea The^e are Miiall loadeii buUis oi kno*n siicctfic 
gravities, mri;ih are thrown into the 1; juui :«» \ic testt^i. nhen the number 
markc«l u[*on tiie bead, which just t!- at> underneath the surfaie and shows 
no tendent V : • ^.t\V or rise, give^ the sj-et :fi« ^*Ta\itv re-iiiired. Ilvdrometers 
in anv form must in a< t iira< v r.ink 1 onstdcraMv beneath that of the sjiccifK 
gravity U>tt!e : I it in comnurt la! ojierat-.^ns. where x\\ approximation only to 
correttiiess i^s rc-.uired. these Itttic in'»truments are ;n\aluat'!e. 
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Cass 3. To take the tpeoiiic frmnty of a liquid \tf weif hinf a Adid 
ia it — ^Take the weight of a glass sto]>i>er, or other suitable plummet, 
by suspending it from the hook provided for the pur{)Ose in all balances of c 
modem type (see fig. 12, page 6). i*ut a wooden stool (also provided with 
aD modem balances) over the pan, and M\yon this place a beaker containing 
distilled water at 60* F. I«et the plummet hang beneath the surface of the 
water and again weigh, and then empty out the water, substitute the fluid 
(also at 60* F.), immerse the plummet as before, and once more weigh. By 
deducting respectively the weights in water and in fluid from the weight in 
ab, we get the loss of weight sustained by the plummet in each case. It is 
evident that the lighter the li<}uid, the more the plummet will weigh ; therefore 
we divide the loss of iK*ci^ht in thi fluid by th( loss of Ufigkt in unster^ which m-ill 
give the specific gravity of the li()uid. This rule is now practically applied in 
all modem laboratories by means of the Westphal balaaee (6g. 23). By this 
a small thermometer (a), adjusted to a counterbalancing weight (h), is |>laced 
in the lit|uid, and the loss of weight is restoreti by little rider weights placed 
00 the beam, winch are so contrived as to readily indicate the s{>ecific gravity 
without calculation. 

( fi) Specifle (Jravity of Solids. 

Cask I. To take the speeiAe gravity of a solid body in mau which is 
im^j^ki^ In 1^ heavier than water.- -The method 

by which this process is conducted was suggested by (KrHT ^T ^ - ^^ 

a theorem attributed to Archimedes, which maj? be ^^^-r-— -^ '^ 

thus expressed : —A solid on l)eing immersed ma \y^ \ ^, . 

liquid is buoyed up in proportion to the weight of T n ^^ 

the fluid which it displaces, and the weight it thus | Jl ji^ 

apfMuently loses is ei|ual to that of its own bulk of ' J\ ' 

the liquid. A piece of the solid substance to be tested I ^ !; I 

is weighed, and is suspended by means of a fine U J\ ' ff 

thread from one arm of a balance so that it dips tza t^ 
under the surface of a vessel containing distilled water 
at 60' F., when its weight is again noted. Its weight *'* '" 

in water is deducted from its weight in air, and the weight in air is divided 
by the difference so obtained, which gives the specific gravity. 

tXAMI I I . 

A piece of nuuMc u cigh^ .... 300 gram*. 
Immersed in tlistillc\i >«Jitei .... 1889 ,, 



Difference in VI eight Iiri ,, 

Hy dividing JOO by nil v^c <*UAin the «)u<*tKi.l 2 7. mIikIi i^ the ^iKr^itK gr.i\iiyiif the 
We. The iwactical arrangement ha.^ been aliea<l> «teM.rilK:d al»v>ve /,t/uti ( .t . ;» 



C %sc 2. To arrive at the ipeeific gravity of a powder whieh is insoluble 
is aad heaTier than water. -Weigh a i>urtion oi the |)owder in air, then 
introduce it into a counteri>oised >|>e( ific gravity bottle constructeii to hold 
a known weight of water. Let the l>uttle be < arelully filled with distilled 
water, gently agitating to insure that no minute bubbles of air shall reiiuin 
attached to the (^articles of i>owder ; then weigh the whole. From the m eight 
€i the powder in air, plus the known weight of water which the bottle should 
contain* deiiuct the weight obtained in the second oi>eration, and divide the 
original weight of the powder by this ditTerenc e. 






€ 

I 



loo WEtGHISG, MEASURISG, AND SPECIFIC GRAVITY. 



EXAMPUU— JO eraifM of a jiowder are weighed out. and poured into a coonterpottcd 
specific grmvitv bottle, comtructed to hold looo grains of water. The bottle that charged i* 
found to weigh loia grains ; then, 

20 i^ins 4- 1000 grain* - lojo grains. 

Weight tjf the boiiTe ifthcn charged J 

with powder and water . . .J " 

Difference 8 „ 

Therefore, 20 grains divi<Ie»l by 8 grains will give 2 $ a% the specific gravity of the powder. 

Cask 3. To take the ipecifle frmnty of a tubetance in matt, iasolabU im 
but lighter than water. — The difficulty met with in this case consitu in the 
iini>ossibiIity of weighing such a substance alone in mater, because it floats on 
the surface of that liquid. It therefore becomes necessary to attach a piece 
of lead sufficiently heavy to sink it, and thus a complication is introduced. 
The light sul>stancc is first weighed in air in the ordinary manner, and is then 
attachcii to a sinker, and suspended from one arm of a balance under the 
surface of distilled m'ater, when the combined weight of both is ascertained. 
The light boiiy is now detached, and the weight of the sinker alone in water 
noted By these means we obtain the following data : — 

L The weight of the light body in air. 
iL The weight of the sinker in water. 

iiL The weight conjointly of the light body and sinker in water. 
We then deduct the weight of both in water from the weight of the sinker in 
water ; add the weight of the light substance in air ; and divide the weight of 
the light body in air by the product so obtained. 

KXAMi'il.— A light >ul>aance wcigh« 120 grains in air; being attached to a piece of lead 
and weigheil in •ti«»tilleti i*a(cr the united weight amounts to 40 graint, while the weifbt of 
the lead alone in water %hu«t 50 grains. Then : 

Weight of icact in water .... 50 graint. 
Weight of both in water .... 40 



iMflferencc ... ... 10 

Add weight of light body in air . 1 2u 



It 



i» 



Sum 130 ,. 

Dividing I20» the weight in air, by tjo oliCaine«! a» alvove, we arrive at the decimal fractioa 
^923 a.% :hc »(<cihc gravity uf the light «ul><an<.e tc^tol. 

Case 4. To obtain the ipeeiile ^rarity of a inbetance solnUe in watar. — 
Proceed exactly in the same manner as in ( asc 2 or 3, according as the body 
IS in mass or in powder : but instead of water, use oil of tur]>entine or some 
other li<}uid in whit h the solid is msoluble. Having obtained the spedfic 
gravity of the sul>stance by calculating just as if water had been tised, muhtpljr 
the result by the known s|>et. ific gravity of the oil of iuq>entine or other Atiid 
employed. 

E-XAMPiE.— A lu'Tip uf %ugar weighing too t;ram» wa« f'»uni to weigh when imnieneA oi 
oil of lur|icnime 45 02 gramv Then : 

llic weight of the «ugax in air wa« .... lOO graint. 
•. ., ••il "f tur|<-r.tine . 4502 

Difference . 54 38 

DtTiding too graim tiy 54 3^ grain« yiekU I S4 a« the %}<ctti«: gravity a% if water hftd l«es 
•ted : am! by niu!: ^^iymg :hu loult by hy. the %|<vihc tcrav;!) iii<«i! of tur{ientine, we obcan 
1*6 at the actual %{<vifu );ra%tty *A the ^mfle of «ugar •>{<ni'.oi ^n. 

Having thus considered in detail the various complu ations which may arise 
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in tiking the speci6c gravity of liquids and solids, it only remains to point out 
how the foregoing may be rendered subservient to commercial purposes. 

(C) Prmetieal Applicationt of Specifle OraTity of Solids and Liquids. 



Case i. The spaeiile gravity of a body being known, it is desired to as- 
oartiin the wei|^t of any given volome of the substanoe. Fmd the weight 
of the given balk considered as water, and multiply this amount by the 
specific gravity. 

KXAMfLE i. —What wouUi be the weight of a fluul ounce of oil of vitriol ? We know that 
m flaid ounce of distilled water weighs 437'$ gniins an<l the ^ficcttic gravity of oil of vitriol it 
1*341 : to, if we multiply the former Hgure^ by the latter, we obtain 806*31 grainv which is the 
wtifht of a fluid ounce of this acid. 

EXAMPLK ii. — How much should a litre of chloroform weigh ? The weight of a litre of 
water is looognunmes ; and by multiplying looo by 1*49. the specific gravity of the chloroform, 
we obtain 1490 grammes, as ah amwer to the c}ue»tion. 

Example iii. -How much shouUl a fluid ounce of pure ether weigh ? The s|teciflc gravity 
b *73. and a fluid ounce of distille<i water weighs 437*5 gniins ; multiplying the one number 
by the other gives 315 grains. 

Case 2. Given the weight of any known bulk of % liqnid« to find its 
spoeifle grsTity. Divide the weight by that of the given bulk considered as 
distilled water. 

EXAMI'LP. \ pint of spirit weighs 16] ounct^s ; -is it rectiflefl or pn>of %pirit ? By 
dividing thi« weight by ao ounces, the ascertamed weight of a pint of clistillet! water, we 
ohcain a» an answer '838. We know, therefore* that the spirit thus tested mu^ have been 
recti6c«t 

Case 3. To find the amount of solid matter, in grammes, pment in 100 e.e. 
of a solution of given specific gravity. So far as any ordinar)' rule can 
be laid down, especially with regard to saccharine liiiuids, for which this 
calculation is generally used, wc multiply the gravity by looo, and then, having 
deducted looo from the product, we divide by 3' 95. 

EXAMfLE.— A saccharine solution ha^ a gravity of 10114 : how much solid matter in 
grammes docs it ccMitain i>i each c.c. ? 

1*0114 X 1000 * 1011*4 — 1000 - 11-4.'. - ' ^ • 2*886 grammes per too c.c. 

(/>) Specific Gravity of Oases. 

Taking the density of gases and vafMirs involves many more complicated 
considerations than are required in the methods applicable to the s|>ecific 
gravity of liquids and solids. The standard adopted for such bodies is 
hydrogen, measured at a temi)eraiure of o' C. and a barometrical pressure 
ol 760 millimetres. 

When taking the specific gravity of liquids or solids, it is easy to obtain the 
water or other fluid required at the exact tem{)erature necessary, by the use of 
cooling or heating appliances. With a gas we need exercise no such manipu- 
lation, becatise the coefficient of expansion of all gases and vapors is alike and 
well ascertaincti. The measurement of gases is therefore conducted without 
anf attempt to modify these conditions ; but the indications of the thermo- 
meter and barometer being carefully noteti at the time of the experiment, a 
simple series of calculations enables us to ascertain how much the volume of 
gas would have measured hail the te!»t been conducted at a standard of tem- 
perature and pressure. The following are s|x;cimcns of such calculations : — 

I. Correetion of the volume of gases for temperatnre.— This calculation 
'\% based u|>on Charles\ !a«%-, vi/. : gaMrs ex{and or contract one two-hundred- 
afid-se%*entythird (^Ij^ pari ot their volume for each degree of tcmj)erature. 
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Centigrade, through which their heat has been resi)ectivcly raised or lovercd. 
Therefore: — As 273 ////i the temperature at the time of measurement is to 
273 f>Ius the required temperature, so is the vohime of the gas at the period of 
measurement to the required volume. 

For cvamptc :— The v..!umc of a ga* at 15*^ <'. was 100 cubic centimetre* : what wooW it be 
at the Mxixiartl temperature of o 1 . ? Then. — 

As 273 273 

— _° 

288 273 100, 

which gives, as an an%wer. 94*795 <^^<^ centimetres, the volume of the gat at itaodafd 
temiK-rature. 

2. Correction of the voliune of gases fbr preesure.— This calculatioo is 
based u|)od Boyle's law, vi2. : gases expand or contract in volume in inverse 
proportion to the increase or diminution of the pressure. — that is to say, the 
greater the pressure the less the volume of gas, and the less the pressure the 
greater the volume of the gas. 

For example : — At the moment of measuring ICX) cuUic centimetres of a gas, the IttnuDCtcr 
«trMM! at 752 milIimetre^ : what wouUl the vf»lume of the gas be at the Mandani pmmre oC 
760 millimetres ? Applymg the ruleot mver!«< pr<>|M»rtion. \ie have : -Afthc repaired prenvre 
is to the ol>%erve<l pres.^sure, so is the olH,er\etI \«ilume to the re«(uirc»i volume : then 

760 752 100, 

which give<. as an answer, 9^ 95, the volum«* ot the ^as at stan«lanl prc«sure. 

The manner in which the s|Hrcific gravity of a permanent gai was formerly 
obtainet) was by exhausting a thio glass globe by means of the air |)ump aiid 
weighing it ; then filling it with air at known tenipcrature and pressure* aiid 
weighing ; and lastly, pumping out the air, filling the globe with the gas at a 
similar tem|H!rature ami pressure, and again weighing. After deducting the 
weight of the empty globe from each of the two latter weights, the weight of 
the gas was divided by that of the air. 

Now, however, in modem lal (oratories all that is j»ni( tically done away witht 
and the standard taken for the density of gases and va{>ors is hydrogen ; because 
(1 ) it is the lightest known gas, and ( 2 ) we know the weight of any given 
volume cif it without the necessity of weighing each time. Therefore to take 
the density of a gas or vapor we meigh a given numl>er of cubic centimetres of 
the gas, noting the tem|>crature and pres>ure at the moment of weighing, and 
having corrected the volume so obtained to o** ('. and 760 m.fn. bar. we 
divide this by the weight of the same nuirlnrr oi ex. i»f hydrogen. A litre of 
hydrogen at o" (\ and 760 m.m. weighs -oK^/i gramme bar. ; therefore each c.c 
of fi will weigh * 0000896 gramme. 

iE) Vapor Density. 

After rinding the [xercentoge composition <'f organic Inxiies, and from that 
calculating an empirical formula 1 which is done by dividing the percentage of 
each element by its own atomic weight, then, taking the lowest oi theae 
answers as unity. di>iding all the others b\ it and expressing the mutual 
ratios in the simplest full numlnrrs » it is often ne< evsar>- to prove whether the 
sum of su(h formula is the truemoletular weight. \'\<>t\ the theory that all 
molecules occupy a sjiai e double that f»f an at»»m of hydrogen, we can pro\'eoiir 
case by taking the density of .1 volume of the substance m vapor lil volatile) 
as regards hydrogen. an«l then this vajK»r density m 2 = the tnie molecular 
weight. This research at ts as a che< k u|M>n our formula obtained by analytia, 
and may or may not lead to our ha\mg to dciul)le iL 
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(tf) DUBM* prooett. — A thin, clean, dry glass globe, about three inches in 
«liaiiieter, is employed. Its neck having been drawn out to a tine tul)c in the 
blowpipe fUine, it is weighed, and the temperature and pressure noted. By 
ipently heating the bulb and dipping the oi)en end into the volatile liquid a 
suitable quantity is drawn into the globe by the contraction of the air. Attach- 
ing a handle by means of wire, the sphere is plunged into an oil bath furnished 
with a thermometer, and is then heated somewhat above its volatilising point. 
When all vapor has ceased to issue from the globe, the orifice is hermetically 
sealed, and the temperature and pressure again noted. The a[)|)aratus is 
allowed to cool, separated from the handle, cleansed, weighed, and the 
weight noted. The last step is to break off a fragment of the neck beneath the 
surface of a sufficiency of mercury, when, should the ex[)enment have been 
carefully performed, the liquid enters the globe, completely filling it, and the 
cafKicity is ascertained by emptying its contents into a graduated glass 
measure. Supposing the ex|)eriment to have been perfectly successful, we 
have the following (i\t data : — 

1. Weight of globe filled with air. 

2. Temperature and pressure at the time of weighing. 

3. Weight of globe f*/us vapor. 

4. Temi>erature and pressure at sealing. 

5. Capacity of the glol>e. 

Proceeding from these data, the first point is to lind the actual weight of the 
globe. This is done by calculating the rapacity of the globe from the tempera- 
ture and pressure at the time of weighing to o' (\ and 760 mm. bar., 
and then multiplying the true volume thus found by '00 1295, ^hich h 
IS the w*eight of a cubic centimetre of air m litre at o' ('. and l.' 
760 m.m. bar.= i*295 gramme). Having thus obtained the weight fX 
of the air. it is deducted from the weight of globe and air, and the J^ ^ 
difference gives the true weight of the globe ; and by deducting this 1 
latter from the weight of the globe plus va{>or, we obtain the actual ! 
weight of the vajwr. But as this weight is that of the volume of vapor 
to the temperature and pressure at the moment of sealing, it must l)e 
correcteii to standanl temperature and pressure, ami the weight of an 
equal volume of hydrogen ascertained. To do this, the cajxicity of 
the globe is once more put down, and reduce<l from the temjjerature 
and pressure at sealing to o (\ and 760 m.m. bar., and the resulting 
volume is multiplied by 0000896. which is the weight of 1 cubic / - 
centimetre of hydrogen. The product, whirh gives the actual weight v 
of an e<|ui>'alent volume of hydrogen, is then taken, and divided into k,^ j^. 
the weight of the vapor already found, and the answer is the (tensity. 

ih ▼. Meyer's Hethod. — This is the simplest and most rapul process. 
The apparatus used is illustrated in fig. 24. The inner tulx: ( \) is closed 
with a cork and arrangetl so that its bent delivery tul>e just dips under the 
surCaure of mercur)' contained in a trough. Any suitable liquid, which boils 
at a constant tem{RTature. is placed in the outer tube (r). together with 
a thermometer, and heat Inring applied so as to boil the Huid, the air 
in the inner tube e\i>ands and i>asses off through the mercury. When 
bubbles of air cease to pass (showing that the air in the tube has been fully 
expanded to its pro|>er volume at the given temfKrratureK some water is 
pouted upon the surface of the mercury, and a graduatol ** gas col lee ting 
tube" is filled with water an«l inverted over the delivcrv tube. \ known 
weight of the substance is then introduced into the inner tube (a) by rapidly 
raiving the cork. drnpjHng the substance in. and instantly closing ai^ain. The 
vafjor produced now displaces an equivalent volume '^^f air. which passes into 
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the measuring tube. When action ceases, the cork is opened to prevent 
back suction, and the air in the tube is measured, noting temperature and 
pressure. This volume in centimetres conected to N.T.P., and multiplied 
by '0000896, gives the weight of a volume of hydrogen e<}ual to that of the 
vapor, and then by di\'idmg the weight of the substance taken by such 
weight, we obtain the vapor density. The coefficient of expansion of all 
gases being ecjual, it is quite the same thing whether we measure an actual 
volume of vapor at a given tem[>erature, or that of an etjuivalent volume 
of air displaced at the same temperature. Such a minute i]uantity of the 
substance must be taken as shall not, when in va(>or, more than displace 
the air contained in the inner tube of the ap|)aratus (which should hold 
about 100 c.c), otherwise the whole process manifestly fails. 

Methods of measuring gases at fixed temperature and pressure are givxn 
in Chapters IX. (Emimaiion ok NiikOi;tN), and XII. (.\nai.vsi5 ok 
Gases). 
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CHAPTER VII. 

yOLVMETRIC QUANTITATIVE ANALYSIS. 



I. nrTBODUCTOST RKKABK8. 

VoLUMETTRic analysis is that in which the quantity of any reagint re<}uired to 
perform a given reaction is ascertained, and the amount of the substance acted 
upon is found by calculation. The process of adding the reagent from a 
graduated measure is called Titration. 

iA) ▼olnmatrie or standard tolntioii is a solution of definite strength 
made by dissolving a dven weight of a reagent in grammM in a definite 



of water in eubie oentimetrei (or in grains and fluid grains). Such 
solutions are usually made by dissolving either a molecular weight of a 
reagent in grammes, or some decimal fraction of such weighty in looo c.c. 
(one litre) of water. The following abbreviations are used to express the 
ftttength of standard solutions : — 

N ■■ a nornuil Mjlution having i nit>lccular wci|;ht in grimmer per litre. 
* — a Mal-aormal 1 » ., », 

N 

•- a dcci-normal ,. j'g „ ,, „ „ 

lo 

— a \'igimi-normal „ i*, ,. ,. „ „ 



{B) Lbl indicator is a substance added to enable us to ascertain, by a 
change of color (or other equally marked effect), the exact point at which a 
gi%'en reaction is complete. 

The principal indicators employed are as follows : — 

\a) Saiution of litmus^ which turns red with acids and blue with 

alkalies. 
{b) Aitoholic solution of phenoi-phthalein^ which is colorless with acids 

but red with alkalies. 
(c) Siarch mudla^e^ which turns blue in preseiKre of free iodine. 
yd) SduHoH of potassium chromate, which gives a red with AgNOj, but 
not until any halogen present has entirely combmcd with the 
silver. 
(/) So/ufiofi of potassium ftrricyanide^ which ceases to give a blue color 
when any iron present has been fully raised to the ferric state. 

(O Oaaaral modns operandi. A known weight of the subsunce to be 
analysed is accurately weighed, and having been dissolved or diluted m'ith 
water lif necessar)*), the solution is placed in a flask, the indicator is added 
and the standard solution of the reagent is dropped in until the desired effect 
is attained. 

The volume of the standard solution used is then noted ; and its strength 
per looo cc bemg known, the actual amount of solid reagent that has been 
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really added is easily found and calculated, by means of the e(}L*ation for the 
action in (juesiion. to the amount of the substance under analysis it represents, 
as follows : - 

Suj'i oso, for example, we desire to ascertain the strength of a sample of 
caustic soda, and that we have weighed out i gramme, dissolved it in water, 
added litmus solution and found that it re(|uired 24 c.c. o( standard solutioo 

of oxalic ai id ( = 63 grammes per 1000 c.c ) to just cause the color to change 

<rom blue to violet red (/>. to neutralise it). Now, by the equation . — 
11/ /». • 2ll,<) -H 2N.1IIO - Na,C,0, + 4H,0 

2)126 2 So 

63 40 -" Kr;imroes of NallO, e«]uivalcnt to looo c.c. ofo^mlic 

acitl "^lution 'its sircngih l>eing 63 gniininc« pet 
1000 c c- >. 

K.nt)win^' this, we now ascertain how much NaHO is represented by the 
24 c.c. of acid used ; thus : — 

^ "^ — -96 jjraminc of real NaHO present in the I (pmmme </ caiL«>tu: loda 
1000 \*righ«l out for anal)'%i*. 

Then, if the reNults are to l>e expressed in percentage, we multiply* the 
amount of the real article found by 100 and divide by the (|uantity weighed 
out for anal} sis. thus — 

'^ . - - ^ %^ iicr cent., ttrcngth. 
I 

Kvpressin^ the above calculations in rules to commit to memory, we have 
the following four steps — 

I. Write out the ei)uation and reduce the tlrst side of it to figures in 
molecular weights. 
n. Cancel these weights down to e^juivalent weights corresponding to 
the indi< atetl strength of the standard solution used (i.e. if 

* divide bv 2, if * divide bv 10, if * divide by 20, etc ), 
2 '10 ' 20 

thus obtaining the equhaUnt of the ^ulistance under analysb 

to 1000 c « . of the standard solution. 
III. Multiply this equivalent by the number of centimetres of standard 

solution used and di\ide bv 1000. 
IV. If |)cn enlace l>e re^juired, multiply the List result by 100 and divide 

by the weight of substance taken for analvsis. 

X.i,'.~ It snu*T \< rem<rm^<foil tha: all »%atcrN »»f ci\«:alliviti«in nvuM aliftajr* he 
a»i>!c»i t" each »ul»*»ancr i'Kitaininj; ihrm. in writinig; the o^aatioo lor 
\o!un>e:rK iaK'aUi»«>n>. 

(/>) The apparatus specially employed in volumetric analytia. 

I. Th€ maiiurift^ ffitsk^ so « onstructed .is to hold a definite amount of 
fluid say 1000 or ico c.c. * when filled up to the mark 00 the 
nc< k ifu'. 2> ). 

2 Thi t<^t mixer ^ a c)lindrical vessel, t«» hoM 1 litre of Aoid 
^r.n!ualtd m measures of id c.r. ca< h (hg. 26). 

3. The turette, a graduate<l tube. usualU contaming 100 cc. and 
graduated in divisions of i c.r., for containing and delivertnf 
the standani solution. This is fitte<l with a clamp or stopcock 
jit tl;c U>ttom. which, when |>ressctl or turned* allows the 
f'»n:ained lijuid to run out at any reiruUted s{>ecd desired. It 
^hoii!d also \< furnishctl with an appliam e called ** Rrdmann's 
float, which enables us to read the <|uantity of fluid delivered 
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more accurately. (Fig. 17 shows two burettes in their stand as 
tnually employed.) 
4. Tkt piptttt u in instrument graduated to dtUver a fixed volume of 
liquid (jay 10, jo, 50 or 100 c.c). Fig. j8 shows a set of such 
instruments arranged in a convenient stand. 



^ 





(£) W«igUiif Opention. The student should have a land watch-glass for 
weighing out solids and a small stopjwred bottle for weighing volatile 
liquids. By carefully keeping these much trouble is saved. 

(1) To Wfi):/i a folid. I'late the tared glass on the scale, and put on 
it what is judged to be a sufficient ()uaniiiy of the article to be 
weighed, then weigh the whole and note the weight thus : — 

<ila..i + subslanre .... ;-6jl Enniimi. 

K-i.,wni.„:o(i;la,!, . , . , 5 IJJ „ 

Weight ukcn fnt anilyi» .... joo ,, 

(i) Tlf nY(j,vi (t Ti'latiU li>iui,i. Kill the small stoppereil buttle with the 

liquid and weigh ; )xjur out what is judged 10 be sufficient into 

the flask containing the indicator and some water, rei-lacc the 

sto])|ier and again weigh, noting each weight at the time thus : — 

T<H»l HTittil ''f l"'llle + rtuul . JO.(8a eranimc* 

Wnyht .7 l-Kili- + riiii.l iftci p..i.nnK mt . t;4S» 

U'l'ik^hi of Itui.) [akcn . . 5 ;oci ,. 

X*t<. — \\ i% ni'.«l imi-irtam .lUay- 1.. lake ihe wciehli •lirectly iio»ii in a tic.te-lioiik 
fron ihc tabntc, kuI i.> cultivate :hf ha1»i .>f .i.V.or' n-//j.i v th, -.^tiikit 
ta li.ir f-^ftr htU- i« iht -.•\-ii;hi vi T.inn linikni. This cruhln lu (o 
hive Kloublc chfck. 1 1 1 [rum <he wrighti in the {«n>. aii'l (.11 funn looking 
■1 Ihe cmpl)' ht>li-. ill Ihe »ei|;ht 1-jv. tn <tei);hinc, \iH'^ wcichi-. aie utca 
(nHB 50 III I i;Taniin>' -. ibt i.lilmuiii uei^hu fnim 'J In 'ol i;raniine. and 
ihc ixlcr ■■n ilie heam t<. ii<c-l lor iiiilhj;iinim>'i (1/, -009 lo -cx>l ). Itcfore 
■eiijhini;. >ce lh»t all the wcighn ati- m iheii nght pUte* in ihe lnn. Al 
ihe conduaKin »f the tcichin);. tcail oif ihc «ri|>ht< ami put thrm •iowii in 
■ note-l'i-ik, an<l then che^k ihit ra<Iiii|: \yf j-uitmu thnn l«i.k intu Ihe 
Uiv iinikin);, a> j-m il.i ••: ai the n..ie ilieaily made. .\]*a)r-. cl.isc ibc 
ca-e lit ihc lalancc iTdire u-in|; ihe ii-lei. — a» lu |i(eveni cuneniv .if «ir 
alfeetmi; the aei^hl. 

Having thus given a general idea of the mode of working, we now 
! to practise with the thief standard solutions as follows. 
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n. STAVSASD SDLUnOV OF OZ&UC ACID. 

V 
Stteri^ih * —63 'grammes fer 1000 cc, 

2 

{A) Preparatioii. 

This is made by powdering some pure oxalic acid, pressing it between the 
folds of blotting-paper (to remove any chance moisture), and weighing out 
exactly 63 grammes in a tared beaker. The powder is then wmshed otit with 
distilled water from the beaker into the litre measuring flask, which is nearly 
filled with water and slightly warmed to aid solution. When all is dissolved, 
more water is poured in till the solution arrives at the mark in the neck of 
the fUsk, and Anally the whole is cooled down to 60^ F., and is once more 
exactly made up to the line with water. 

Iliis solution may then be used for the following purposes in the manner 
described under each case. 

Cheek. — To check the strength of the standard oxalic acid itself. Take 
%ovatfure NaHCOj. and ignite it in a crucible for 15 minutes at a red heat* 
cool and weigh oflf 2*65 grammes of the resulting NajCOj. and this should take 
exactly 50 cc. of acid if truly \, The process is described below at (C). 

{B) Estimation of Alkaline Hydratat. 

Hy weighing out a definite quantity of the substance, diluting with, or 
dissolving in, water in a flask, adding a few dro|>s of solution of litinoi» 
and dropping in the standani acid from a burette until the last drop added 
just causes the blue to change to violet-red, the flask being agitated after 
each addition of the acid. In this way we should examine : — 

(a) Liquor ammonut fi^t. and liquor ammonite. 

Take about 3 grammes, and use the e<)uation : — 
H,C*,0. . 2\\fi -K jNH,. 11,0 - •NH.v ,0, + 411,0 

2)Ij6 2^y;^ -.-, . , ^» I 1 t^.. 

"^ ffnii^. Ml,. C(]uiv3ilcnt to toooc c. o&ilic acid tololKML 

(h Potassium hydrate or sodium hydrate or their solutions. 

Take about i gramme of solid, or about 10 grammes of solution, and 
use the e<iuations : — 

H.O), . 211,0 -^ aNallO - N'V A ^ ^"1^ 

2)126 2>8o , -. ,- , N .. 

- grrov rcAl Natio, oiuivmlcnt to looo cc - acta. 

63 40 • ' 2 

H,i ,0. 2\\^^^ + 2KH0 - K,< ,0, 4t 4H,0 

2)I2*> 2 III ..,, . N ., 

03 50 • ' J 

(4) Metallu iodtum (thrown on water and the resulting %olution titrated). 
Take under -5 gramme, and use the e»jua:ior» : — 

ir«;.o. jii,o + .\a, - N\c,o, Jt 2\\.o - h, 

2 126 2 40 .. N , 

03 23 • ^^ ' J 
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(J) Limi^Hittr ami liq, colds sacch. 

Take about 25 grammes, and use the ec}uation : — 

H,C,0, . aH,0 + CaO -f H,0 - CaC,0, + 411,0 

a)ia6 2^56 ^, 

63 28 * grammes CaO, e<iuivalent to 1000 c.c ' acid. 

(r) B^rax. 

Take between 2 and 3 gnunmes, and use the equation : — 

H,C,0, . 2H,0 + Na,BA. «o"tO - Na,C,0, + ll,l<,0; -^ 1211,0 

\ . 1 ^ . / 

2 U26 2)382 ^, 

63 191 s= grammes tx)rax, c<iuivalent to 1000 c.c. ' add. 

( C) Eitimation of Alkaline Carbonatat. 

By a similar process to (A), only conducted at a boiling temperature, so as 
to drive oflf all COn and the standard arid to be added until two minutes* 
boiling 6uls to restore the blue of the litmus. Another and better method 
is to add a given volume of standard acid, more than sufficient to neutralise 
all the carbonate, then to boil until all carbon dioxide has passed oflf, and to 
titrate back with standard soda, using phcnol-phthalein as indicator. The 
difference between the number of c.c. of acid taken and that of soda used 
will give the acid equivalent to the carbonate analysed. 

(tf ) Crystmiiisid sodium carbonaU, 
Take about 3 grammes, and use the e<]uation : — 

Wffi, . lH,0 + Na,CO, . 1011,0 - Na,C,0, + CO, + I3l!,0 

* -, 1 V ^ . . _> 

2 U26 2 >286 

63 143 = grammes Na,COjioH,0, ctjuivalcst to 1000 c c. 

acid. 

2 

(>) Drud sodium carbonaU. 

Take about i gramme, and use the same e<iuation less the 10 H^O on 
each side : — 

2 )ia6 i)jo6 ^. 

63 "*" 53 = grammes Na^O^ c<}uivalcnt to looo c.c. * acid. 

{c) Sodium bicarbcnatf. 
Take about 3 grammes, and use the e<iuation : — 

tl/:p. . 2H,0 + 2NaHCO, - Na,CU>, 4- 2C0, -|- 411^0 

*^ / ' .-. — ' 

1)136 2)168 ^, 

63 84 - grammes Nail CO,. e«|uivalcm to 1000 c.c* aci<i. 

id) Poimuium carbonate (commercially considered as always holding 16^ ^ 
of OKMitiire). 

Take about a grammes, and use the equation : — 

H/:p. . jH/) + K,CO,. 16 H,o - K,C,0, -f CO, + jH.O 

*- t 

21126 2>I(>4'2S 

63 82 14 — grammcN c»«mmercial K,CO^ equivalent ti» 

\ 

1000 «-.c. * aci-i. 

2 
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(f) Potassium bicarbonate. 
Take about 2 grammes, and use the e<|uation : — 
H.<\(), 2H,<» -H iKHCO, - K,r/), 4- 2CO. -H4H,0 

2 120 2 200 1^* 

03 100 = K""^" KUC'Oy ciiuivalcnt to 1000 c.c * acid. 

(y ) Commtrciai ** carbonate of ammonia^ 

Take about i gramme, do not boil too violently, and use the equation : — 

3iH,< .0. 2n,o> 1 2 N,n,/'/ V - 3«Nn. /v». - 40^ + mi,() 
6)378 6)314 J^. 

03 52 3 =-- grin>. . c<|ui\alfni t*» 1000 c <>. ochI. 

(/); Ettimation of Lead. 

Weight out the substance, dissolve it in plenty of water (the flask } full), 
with a drop or tuo of acetic acid to clarify it, and then carefully drop in the 
standard acid till precipitation ceases. Thus we 0|>erate ufion : — 

(a) Plumbic acetate. 

Take 3 grammes, and use the following equation : — 

ii.< .0. . 2\\,o + vui ,n,o..^. 3n,u == I'lAjO, + 2nc ,11,0, + 511,0 

2 I2*> i»370 ^. 

(>3 iSy* 5 - jjrin* , r j..ivalci.t l»» lOOOv V. ' act«l. 

(b) Lii/uor plutnbi iubacetatis. 

Take about 10 grammes, and use the e<{uation : 

2 n,< .0, .2H/>» ^- ii..*>,i..H,o.. ^ ivu /), -h 2\u n,(), + 511/) 

4>2.W 4 U> ^. 

03 137 - jjrin* . c«jui\alt nt :•• I'XJU I.e. * ackl. 



(£' Estimation of Organic Salts of the Alkalies. 

Organic salts of |)ota\sium or S4xlium are examined b\ weighing out about 
a grammes tn a tareJ platinum or imrcelain crucible, and then heaUDg to 
redness in < oniact with the air until all in iKrrfe<'tl\ charred The crucible 
is now coo'.ed. and its contents di^soUeii in boiling water and hltcrcd into 
a flask, and the filter washed with boihni: water until the washings do not 
affect red litn.u^ |xa|Krr. The contents o\ the tlink arr then colored by htmus 
solution and titrated at boiling tem{x.'raiure mth the ^^tandard acid, as already 
described in the tase <>f alkaline <.art>cjnatc>. Vuc ignition causes the 
conversion of the organic salt into an alkaline (arU'nate. Fnus we should 
oficrate ui>on 

(»/» Cream of tarfar. 

2kll< ,ll,< ». ^ 5< ». K • » », - 7« « • . ;H ♦ » . 

y:h I3^ 

iKci. K.» <» -♦- ll.« .'). 2U<» K •••.-.-*. • -♦- jlj • 

I y** I i*' 

2>i2<> z ;:f» 
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(b) Neitiral potassium tartrate, 

2K,C,H^06 . H.,0 + 50, = 2K,C03 + 6C0, -f 4H.,0 ; 

488 ■ 276 

then 2HX20^ . 2H.,0 + 2K.CO5 = 2K,^C,0^ + 2CO2 + 4H,0 ; 

252 276 

therefore 2H2C20^ . 2H,0 = 2KjaH,06 . H^O 

V — ! ^, "L^ V !__. / 



4)^52 
63 



4)4^8 



122 = grms. of KjC^H^Og . H.O, equivalent to 

' N . , * 
icxx) cc. - acid. 
2 



{c) Rochelle salt. 



2(KNaC^H,06- 4H,0) + 5O, = 2KNaC03 + 6C0, + 8H..0 ; 

564 244 

then 2KNaC03 4- 2(H2C20^ . 2H,0) = 2KNaC..O, + 2CO., +4H,0 ; 

^ ^ / ^ ... l_j 

244 252 

therefore 2(H2C20, . 2H2O) = 2KNaC,HP6 

4 )564 
= 141 = grms. of KNaC^H^Ofi . 4H2O, equivalent 

to icxjoc.c. acid, 
2 



4)252 
63 



{d) Potassium citrate, 

2K3C6H4O7 + 9O., = 3K,C03 + 9CO2 + SHP ; 



— s" 



612 



414 



then 3K,C03 + 3(H,CA • 2H,0) = 3K.C2O, + 3CO, + SH,0 ; 



J v^ 



414 378 

therefore i{,Y{f,.,0^.2\i^O) = 2K3C6H5O7 



-v~ 



6)378 

63 



6)612 

= 102 = grms. of K^CfiH^O;, equivalent to looo cc. 

— acid. 



{F) B.P. Standards of Strength by Oxalic Acid. 



ARTICLE 
I.iq. Ammon,fort. 
Liq. Ammon. 
Officia ammon. carb. 
Borax 

Plumbic acetate 
Liq. pliimbi subacetcUis 
Lime-water 
Sodium (metallic) 
Potassium and sodium hydrates 
Potassium carbonate 
Crystallised sodium carbonate 
Potassium and sodium bicarbonates 
Potassium tartrate and rochelle salt 
Cream of tartar 

Potassium citrate 

Liquor potassa^ .... 

Liquor sodae .... 



K.P. STRENGTH 

32% NH, 
10% NH3. 

100% N3H„CA- 

pure (100%). 

pure (100%). 

about 24% Pb.,0(C,H30,.),. 

5 grains CaO in 10 fluid ounces. 

957%- 

90 to ico%. 

97 to 100% of K2C03-hi6 : H.O. 
96 to 100% of ^a.COa .10 H 6. 
pure (100%). 

99%. 

92% KHC.H.Ocin the salt dried at 212'* ; 

remainder only cakium tartrate, 
pure (100%). 

5-84%. 
4IOA. 
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m. STAHDA&D SOLimOV OF SODIVH HTDBATB. 

A^= 40 grammes NaHO in 1 000 c.c, 

(A) Preparatioii and Check. 

As commercial soda is not pure, this solution has to be made as follows :— 
Dissolve 45 grammes of ordinary caustic soda in t litre of distilled water, 
and let it cool to 60"^ Y, Now place 20 c.c. of standard solution of oxalic 
acid in a flask, add litmus, and run in some of this crude soda solution from a 
burette until neutrality is produced. Note the number of c.c of soda used, 
put 50 times that volume of the crude solution into a test mixer, and make 
up to the 1000 cc. mark with distilled water. On again checking. 20 c.c. of 
the acid should take exactly 20 c.c. of the f^rfected soda for exact neutralisation. 

(B) Aoidimetry. 

Soda solution is used for taking the strength of acids by simply weighing 
out a (}uantity of the acid, and then running in the soda in presence of the 
litmus indicator if the acid ^>e inorganic, or of phenol-phthalein if it be 
organic. We operate, as a rule, u)>on about 1 gramme of a strong or a solid 
acid, and from 5 to 10 grammes of a diluted acid The following are some 
of the more imjwriant equations : — 

(.1) NaHO f IICl - NaCl ^ H,0 

40 56 5 ^jTXi%. of nCl.ct|ui\alcnt lu looo c.c. NaHO. 

A» NaHO + HNO, - .NaNO, > H,o 

40 63 « gTfn«. of HNO|, c<|uiiralcnt to looo c.c. NaHO. 

) NaHO ♦ HC,H,<», - Na<\H,0, * H,0 

40 60 • K"'** ^ HC,H,< >j, e<]uivalcnt to 1000 c.c. NaHO. 

(/) iNaHO * H^SO. - Na,sn, ♦ iWp 

280 2>9S 

40 • 49 " gtm*. *^ M >(>,, e(|ujvalcnt tu 1000 cc. NaHO. 

^<y 2NaHO - H,( ,H,0« - Nj,i JI.o^ ^ iWp 

2 So 2 • I $0 

40 75 " If""* ''f I'j* Jl.^^4* cfjuivalcni to 1000 cc. NaHO, 

(/) jNaHO ^ H,i\H,o. H,o -Ni,CJI^<); ♦ 4H,o 

3 110 3 210 

40 70 ijnu* «^H,C\H^O;. H/ ).c lujvalcni tu looocc. NaHO. 

( C) Lilt of Stroigthi of B.P. Aeids Uken by Soda. 

A«.ctic «'j;Ucul) 

„ tiiilute) ■ 
* itric 
H)Mr>.ichIonc 

(thiulc 
Ijurttc 

(iUutei 
Nitrvc 

Ni!f»» hjrdr<H.hk»riv 
Sulj'fcjuc 

„ lililutr) 

., lar'-nia::*.' 

raitAfic 
Hfdrutfixouc 



c^ Hrj|,tv 










4^7 










yi HC: 










10 ;> .. 

75* H< .»«/\ 

13. 

70 HNo, 










1744 

\l grm« thotti*] nruirali«c 

> H,NO, 


Mi 


3 


cc 


NaHO 


I3<'5 .♦ 
12 ^* ,. 
^> H« .11/ », 
10. Hbf 
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lY. STAHDABD SOLTJTIOV OF ABOEVTIC VITSATE. 

— =17 pramnus ptr 1 000 c,c, 
10 

(A) Preparatioii. 

17 grammes pure AgNOj in distilled water, and make up to f litre 
(1000 cc) 

Ghsek. — Sa argentic nitrate is not always pure, the solution when thu«i 
made should be standardised by weighing out *i (one decigramme) oi pure 
p u w dcicd sodium chloride, dissolving it in water in a small beaker, adding 
soAcient solution of potassium chromatc to color it yellow, and then running 
in the silver solution, with constant stirring, until the last drop just causes the 
color to change from yellow to pink. This should take 17*1 cc. of silver 
solutioD if it be of correct strength, because : — 

AgNO, + NaCl - Ag('14-NaNO, 

louTo iO'5S-5 ^. 

'7 5*^5 " Ji""^ "^ NaCl. ct|uivalcni to 1000 cc. !q AgNO,. 

(B) Estimatioii of Soluble Haloid SalU. 

llie silver solution is used for the estimation of haloid salts by weighing 
out any quantity ranging between 'i and 2 (one or two decigrammes), dis- 
ftoh'iiig and titrating, K.:*CK)4 being used as the indicator, exactly as above 
described. Thus we should operate upon : 

(tf) Potasiium bromide, 

AjjNo, -H Klir - .AgHr -»- KNO, 

10 '1 70 IO»IIQ ^. 

17 = 1 1 '9 gnns. of KHr c<|uivalcnt ti> looo cc * .-VgNO,. 

(A) Ammonium bromide. 

Ag.N'O, + .\H,Hr - AgHr + NH,N< \ 

10 > 170 io><>S ^. 

y€) Sisiium t>romide, potassium i.*dtde, and sodium iodide, all l>> similar 
equations. 

Nalif + KI 4- N.il 

10 103 10 icy» 10 '1 50 ^ 

103 10 c» 1 50 .ill rcsjHTt- lively — 1000 c c. * -^K^* N 

Sti* BrtNititlc^, if ailultcratctl \\ilh itnlilrv will take Ic^t "silver than llicy mtght. l»ut, if 
tile tmpurity l« chlt»ri«lc. tht-y Mill take mjrt. TlK-rcforc they iiras( ucilhct l.ikc i< > ii«ir 
V tbao tDc ctKTrcl amount 



<0 Applieatioii of Yolhard's Method to the Analytii of Chlorider. 

This process is in rcrtain rases, a much better method for the estimation of 
chlorides than the direc t method with the i hromate indi* ator, l>ecause it may 
be used in the presence of nitric acid, thus enabling a < hloride to l>e estimated 
in pfesence of a phosphate or other acid which pre< ipiiatcs silver in a neutral 
•olotioil. It dei>ends u{>on entirely precipitating the chloride in the presence 

8 
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of nitric acid by a known volume of standard solution of silver, and then esti- 
mating the excess of silver, left uncombined with the chloride, by standard 
solution of ammonium thiocyanate (sulphocyanate) using a drop of solution of 
ferric alum a.s an indicator. The thiocyanate solution is checked against the 
silver so as to correspond with it c.c. to c.c As soon as the thiocyanate 
has precipitated all the silver it will strike a blood -red with the ferric salt 
due to the formation of ferric thiocyanate. The difference between the volume 
of standard silver solution originally added and that of the thiocyanate used 
will give the c c. of silver et^uivalent to the chloride present. 

(D) Sftimation of Hydrocyanic Add. 

Silver solution is also usetl for taking the strength of hydrocyanic acid. 
This is done by weighin;; out about 5 grammes, adding a drop of solution of 
litmus, and then a few drops of NaH() so as to cause strong alkalinity. Nov 
carefully drop in the silver solution from the burette, with constant agitation, 
until 2i faint pfrmantnt cloud oi AgCN is produced If, during the O|>eration, 
the litmus becomes red. more NaHO must be added to keep it blue. S\ 
the moment that the f^armaneHi cloud appears the following reactions arc 
complete : — 

2IICN + aXallO - 2\arN-H 211,0 

2Na(N -♦- AjjNO, «* .Vgl. N • NaCN -f NaNO, 

(>8 170 

therefore- jMCN "- .\|;NO, 

10 ;4 10 170 

5 4 ' i7o 

N 

M> that 1000 c.c. .\^;\0, arc c<ju»valcfjt to 54 i;rTn*. of HCN. 

On adding more silver AgCN would be precipitated thus : — 

Na< N Agi N -f AgXO.^jAjjCN -h NaNO, : 
and the first appearame of this precipitate therefore shows that the action to 
be calculated upon is complete. 

Potassium cyanide is done in the same way. using alK)ut 2 gramme, and 
AgN()j=2KCN — i.e., 17 grammes (1000 c.c, ) = ^5 grammes KCN. 

(£) Standardt of Strength by SiWer Solution. 

IIxlriKTYanic acni . . . 1 

l'«>taA*ium crannlc . t|^ . 

r<»tA^«ium uiilnlc ... <>!> to if^ . 

S<«iiuin i-»litic */* 

r«>{a%Mum lir«»mi«lc •»'^ •«• I^JO • 

>«iilium t»r»mi»«ie *#<* • 

Ammonium bi'^mjic pure. 

y. STAFDA&D SOLUnOV OF lODDTE. 
y 

= I 2'7 grammes t<r Ittre ( 1 000 r »* ) 
10 

kA) Prepazmtion. 

Weigh out 127 grammes of pure iodine and jUrc it in .1 litre flask with 
18 grammeik of iK>tassiun) iodide and alxtut 200 c.< . of «at?r, agitate till 
dissolved, and make up to one litre with water. 
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. — ^To standardise the strength of the solution (if desire<l), test it 
against 'i gramme (2 decigrammes) of pure \^0z* as hereafter described. 

(B) SftimatioB of Artenioiu Aeid. 

This solution is used : 

For arsenhui add and the solutions thereof weigh out one to two deci- 
grammes of the As^Os, and dissolve it in boiling water by the aid of five 
times its weight of NaliCOa. Let it cool, add some mucilage of stare h, and 
run in the iodine solution until a faint permanent blue color is obtained. 
Then apply the equation : — 

al, + AsO, -f- 5H,0 = allvAsO, -h 4MO 

4}a^ 4)I98_ 
XO^xtl iO)49$ jl 

127 4*95 gmiH. of As,0,, equivalent to 1000 c.c. iodine. 

For lufuor arstnicaiis use 10 grammes and '3 gramme NaHCOj. 

For liquor arscnici hydrochloricus use 10 grammes and 6 gramme NaHCOj. 

(C) Estimation of SnlphnroQi Acid. 

For sulphurous acid weigh out about one gramme from a stoppere<l lK)ttle, 
and largely dilute it with water. Add starch mucilage, and run in the iodine 
solution until the faintest ix)5sible permanent blue appears. Then apply the 
equation : - 

I, + H,0 + SO, • ILO - H,SO, + 2HI 

2)254 2)64 

10H27 10 »v ^• 

127 y2 gmis. so., etjuivalcni to looo c.c. - iiKlinc. 

( D) Estimation of Thiosulphatof . 

For sodium thiosuiphaie ^hyposulphite) use about "5 gramme, dissolve in 
water, add starch, and titrate as above. 

127 1 = 248 •• hypo.'* 

▼I. STASDAED SOLUTION OF SODIUM THIOSULPHATE (*HYPO. ) 

V 

Sinn^h = 248 ** hyfH^ " (SniS^O, * 5//.(>) per litre \ 1000 c,c. \ 
10 

(.'/) Prepazmtion and Cheek 

nissoUe about 28 grammes of commercial •*hyp<)" in a litre of distilled 
water. Now place 20 c.c. of standard solution of icnline slightly diluted with 
water in a beaker, and run in the rough ** ]\v|)0 ' solution unlii the color 
changes to that of |>ale sherr\'. Then add mucilage of starch, .md continue 
to run in the "hyfKj" till the last Axo\^ just di^char^es the blue color. Note the 
number of c.c. of" hy{)o" used, put 50 times that number mto a test mixer, 
and make up with distilled water to icoo c.c. 

lliis solution may be used for :-- 

kB) Estimation of Free Iodine. 

By weighing out 1 gramme < 2 dtc ^;ramines\ ('.i-^solvin.; in a little water 
by the aid of potassium iodide, and then running in '* hypo " till the < ulor 
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is reduced to that of a pale sherry ; lastly, adding starch mucilage, and going 
on till the blue is just bleached. Then by the equation : — 

2{1^3L,SfiiS^fi) + I2 = 2NaI + Na^S.Os + loH^O 

2 )496 2)254 

1 0)248 10 )127 

24*8 = 127 grms. I, equivalent to 1000 c.c — "hypo." 



(C) Estimation of Free Chlorine or Bromine. 

For chlorine water or bromine water. 

Weigh about 10 grammes from a stoppered bottle, pouring it directly into 
a flask containing 2 grammes of potassium iodide dissolved in 50 c.c. of 
water, and then titrate with ** hypo " as already described. 

The CI first liberates an equivalent quantity of iodine from the KI, and 
the "hypo" then acts upon the I2 so set free, thus : — 

CI, 4- 2KI = 2KCI + I2 
20)71 20)254 



355 127 

2Na2S2035H20 + I. = 2N!lI + Na^S^Og + loH^O 



20)496 20)254 



N 



248 = 127, therefore 3*55 grms. CI = looo c.c. — "hypo." 

On the same principle, 
\ = Br^ 

2 0)254 20)160 j^ 

127 80, so that 80 grms. Br is equivalent to loOO c.c. — " hypo." 

{D) Estimation of Available Chlorine. 

For chlorinated lime and its solution. 

Use '5 gramme of the solid or 5 grammes of the liquor. Put it into a 
flask with 1*5 gramme of KI dissolved in 100 c.c. of water, and then drop 
in HCl in excess. Lastly, titrate with " hypo," as already described. Then 
by the equations : — 

(a) CaOCl2 + 2HCl=CaCl2 + H2O + CI2, 

{b) CI2 + 2KI=2KC1 -h I2, 

\c) 2(Na2S203 •5H2O) + l2--2NaI + NagS^ -h 10H2O, 

we come to the result already shown for chlorine-water — namely, that 

2(Na2S,03.5HoO) = I^ = Cl^ 

20)496 20)254 20)71 

248 =~ 127= 3 55 

N 
therefore, 1000 c.c. — — " hypo " represent 3*55 grammes ^^ available chlorine^* 

10 

in all chlorinated compounds. 

Li(fuor soda' chlorinattc. 

Use about 5 grammes, and proceed as for chlorinated lime. The action 
and calculations are the same, only differing in the first equation, which is 

NaoOClo -f 2HCl-2NaCl -h H2O + CI2. 



«.^ 
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(E) Lilt of B. P. Standardf by Iodine and '• Hypo. 



»» 



loDiNK noi- •* Hypo" *oi- 

Salpliiiruaft ackl . 5 %*>0, ( hlorinc wmtci . u CI. 

AnouoQs acid . pure. ChIoriaate<1 liiiie . • 33 ^^• 

Ancnioits Ii(|uors . 1 .A>,0,. I j({uur calcU chlur. 2103 CI 

Sodium hjrpotulphitc . pure Liquor sud.c chlor. 2-5;^ K'\. 

▼n. STAVDASD SOLUTION OF POTASSimE BICHBOMATE. 

N 
Siren j^h — 14*75 grammes K^CriO. in icx>o c,c. 

20 

{A) Prepazmtion. 

Dissolve 14*75 gniniincs pure K2O2O7 in one litre of water. 

Cheek. — If desired to standardise, wc do so by performing an estimation 
upon '5 gramme (5 decigrammes) of pure iron (pianoforte) wire, dissolved in 
dilute HfSO^ as described below. 

Prindple of the proceM.— K:;Cr/);, when heated with an acid (say H9SO4), 
gives 

KjrCrjO; -H 4H2SO4 KjSOi 4- Cr. (S0,)3 4- 4H2O 4 O3 ; 

therefore, each molecule of bichromate gives three atoms of nascent oxygen, 
which possesses the power of raising six atoms of iron from ihc ferrous to the 
ferrie state, because 

6FcO -h 03 -3Fe.03. 

{B) Estimation of Ferrooi Salts. 

Bichromate solution is to be used for the following cstin\ations : — 

(<i) AtetallU iron. 

•5 gramme of the metallic wire or filings is dissolved by the aid of heat 
in dilute sulphuric acid, u.sing a flask fitted with a cork through which {kisscs 
a small tube to allow the exit of steam and hydrogen, but to prevent as far as 
possible ingress of air. While the iron is dissolving, 2 ounces of water are 
pUced in a basin over the gas, and a burette charged with bichromate solution 
ts arranged over it. A ix>rcelain slab is also got ready at the right-hand side 
of the basin, and is covered over with s|K>ts, from a gla.ss rod, of freshly made 
solution of potassium ferricyanide. When dissolved, the iron solution is 
rinsed from the flask into the basin, and immediately titrated with the 
bichromate, until a drop taken from the basin on the stirring roii just < eases 
to give a blue color when brought into contact with one of the s{)ots of 
poiassitm) ferricyanide on the slab. The number of c.c. of bichromate 
solution used is read off, and the following e^iuations applied : — 

6Fc -i- oll^so^ - bFcSO, 4- jH, 

20.?;t»_ 20><*I2 

10-8 45 

6FeSO, 4- K,Cr,0; -»- iW^O, - 3l">;<>< ».'i + *^r'^^^ + C.\.'.SO.), 4- 7"5< > ; 

30» 9I3 20 2«;5 

450 14 75 

N 

therdofe 1475 Ks^'r^O; i6*8 Fc grammes, e<iuivalent to 1000 c.c 

JO 

bichromate. 
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(b) For ferrous sulphate, ferrous phosphate, ferrous arseniate, and ferri 
carbonas saccharata. 

Use about i gramme in each case, dissolve in water by the aid of sulphuric 
or hydrochloric acid, then add a good excess of dilute H2SO4 or HCl, 
and titrate with bichromate solution as already described Apply the 
equations as under : — 

( 1 ) Crystallised ferrous sulphate, 

KjCr.Oy + 6FeS0, • 7H,0 + yH^SO, = 3Fe,(SO,)3 -h K^SO, + CcrfSO,), + I4H,0 

*^ ^. / V \, i 

2 0)295 20)1668 j^T 

14*75 ^3*4 "^ grms., equivalent to 1 000 c.c. — bichromate. 

(2) Real ferrous sulphate. 

K,CrA + 6FeS0, + yH^SO, = 3Fe^SO,)3 + K,SO, + Cr,(S0,)3 -f 7H,0 

20)^95 20) 912 j^ 

^475 45 6 = grms., equivalent to 1000 c.c. — bichromate. 

(3) Ferrous phosphate. 

K^Cr.Oy + 2Fe3(PO,),.8H20 + yH^O + 7H,SO, = Fe,(SO,)3 + 2Fe,(PO,), + 

---^ ^ V > [K,SO, + Cr,(SO,)3 + I5H,0 

20 )295 20)1004 ^ 

1475 50*2 = grms., equivalent to looo c.c. - bichromate. 

(4) Ferrous arseniate. 

KjCrp, + 2Fe3(AsO,)2 + yH^O + yH^SO^ = Fe,(SO,)3 + 2Fe^AsOA + 

^-.—^ ^ ' [K^SO, + Cr,(SO,), + 7H,0 

2 0)295 20 )892 

1475 44*6 = grms., equivalent to lOOO c.c. - bichromate. 

(5) Ferri carb. sacch, (dissolve in HCl, because H2SO4 would char the 
sugar) : — 

K,Cr.p7 -h 6FeC03 + 26HCI = 3Fe2Cl6 + 2KCI + Cr.Clg + 6C0j + 13H/) 

20)295 2 0)696 j^ 

'475 34"^ ^^ grms., equivalent to 1000 c.c. —bichromate. 

{€) Estimation of Ferric Salts. 

The process may be applied to hcematite or any form o{ ferric iron by 
dissolving in and acidulating with hydrochloric acid, and then dropping in 
zinc so as to evolve H2 and reduce the iron to the ferrous state. When all 
Zn has dissolved, and the solution has ceased to give a red with KCNS, it 
is litrated with bichromate in the usual way. 

{D) B.P. Standards by Bichromate Solution. 



Iron .... 
Crystallised ferrous sulphate 
Granulated „ ,, 

Dried ,, 

Ferrous phosphate . 



pure. 

5413% real FeSO, (=99% crystals). 
54*67)0 real FeSO^ (=100% crystals). 
87-0% real FeSO,. 
47;oFe,(PO,),, 8IIA 



Ferrous arseniate 10;^ Fej (AsO^); 

Ferrous carbonate sacch. . . abotU 33^^ FeCOj 

Instead of bichromate we m.ay use a standard solution of potassium 
permanganate to estimate iron, simply running it in (in presence of excess of 
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HSSO4) untO a permanent pink color remains. Each molecule of KtMn^O^ 
g;ives Of, and therefore ecjuals ten atoms of Fc in oxidation. 

Ym. FEHLIHO'8 8TAVDAED SOLTJTION OF COPPER. 

(A) Xann&ctare and Cheek by the Ordinary Method. 

This solution is used for the estimation of sugars, and is made as follows : — 
Dissolve 34*65 grammes of pure crystallised sulphate of copper in 250 c.c 
water. Dissolve 173 grammes rochelle salt and 60 grammes K.HO in 500 c.c. 
water. Mix the two solutions, and make up. when quite cold, to 1000 c.c. 
Each 10 cc. of this liquid will represent — 

Olncoie t)J gramme. 

Maltoie *o52 

Invcrtctl cane sugar '<H7$ •• 

InirertctI starch t^S »* 

To check Fehling's solution, weigh out '475 gramme of pure sugar candy 
and dissolve it in 100 c.c. of water in a small Hxsk ; add 3 drops of strong 
HCl, and boil briskly for ten minutes to invert the cane sugar into glucose. 
Ixt it cool, neutralise with KHC>, and then make up exactly to 100 cc. with 
distilled water. Place this lii)uid in a burette arranged over a basin placed 
o%er the gas, and containing 10 c.c. of Fchling's solution and 50 c.c. of 
water. When the contents of the basin are boiling, run in the sugar solution 
until all blue color is destroyed. Then note the number of c.c, of sugar 
solution used, and whatever that number may be, it will contain the equiva- 
lent in sugar of 10 c.c. of ** Fehling." If the ** Fehling " l>e correct, 10 c.c. 
of the standard sugar will be used to entirely precipitate it. 

It is usually necessary to do the estimation twice, first roughly and 
then accurately, using the second time drops of KiFeCy^ acidulatt^J with 
acetic acid, on a slab, as an indicator for the disappearance of the last trace 
of Cu from solution. 

^B) Mannfaeture and Cheek by Pavy't Method. 

Cuprous oxide dissolves in ammonia, forming a colorless li()uid. Taking 
ad%'antage of this {)oint, Pavy treats an anuiu>niacal cupric solution at a 
boiling tem{»erature with sulticient sacch.irine solution to exactly discharge 
the blue color. The advantage of this method over that above dest ribcti 
lies simply in the fact that there is no bulky red precipitate to interfere with 
the ready observation of the end reaction. To pre|are the test solution, 
dissolve 20*4 grms. of rochelle salt and the same weight of caustic |>otash 
in distilled water ; dissolve separately 4 158 grins, of jmre cupric sulphate in 
more water with heat ; add the copfK-r solution to that first prefured, and 
when cold, add ^;oo c.c. of strong ammonia, and distilknl water to i litre. 
The process is cumlucted as follows: 10 < .c. of the ammoniated cupric solution 
(so'005 grm. of glucose) are diluteti with 20 c.c. of distilletl water, and 
p«aced m a small tlask. This is attached by means of a cork to the no/zle of 
a burette, Atted with a glass stofx ck k. and previously filled with the sai c hanne 
solution previously diluted to a fixed bulk. The cork of the tlask should l>e 
traversed by a small bent tube, to permit steam to cscafH!. Now heat the 
flask until the blue li^iuid boils. Turn the sto|)cock in order to allow the 
saccharine solution to tlow into the hot solution — which should be kept at the 
boiling |>oint — at the rate of al>out 100 drops per minute (not more nor much 
lesal, until the azure tint is exactly discharged. Then stop the flow, and note 
the number of cubic centimetres used. That amount of saccharine solution 
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will contain 5 roilligrammes of glucose. To render the detennination as 
accurate as ix>ssible, the solution for analysis should be diluted to soch an 
extent that not less than 4 nor more than 7 c.c. are required to decolorise the 
solution. 

To find the percentage of sugar, multiply 0005 by the original total 
bulk I in c.c.) of the solution started with, and divide the product by the 
number of < ubi« centimetres of solution usetl from the burette. To obsene 
easily the exact cnd-ieaction, a piece of {>aper or other white body should be 
[ilaced behind the tlask. Mr. Stokes uses the half of an ordinar)- opal gas 
globe fixed in the pro|>er })osition. If the o{)erator objects to the escape of 
the waste ammoniacal fumes, they may be conduc ted by a suitable ammge- 
ment into water or dilute acid. For a sjHrcial apfaratus for this (Hupose 
see the Anahsf, vol. xii. 

{C) Estimation of Sugar. 

The suj;ar weighed must not ex< ee<l 5 gramme, and must be dissolved 
in 100 r.c. of water. If the sugar Ix' either glucose or maltose or lactose it 
is litraleti directly ; but if cane sugar, it is first invertetl as above described. 
Hy aUays placing 10 i.e. of •* Fehlmg " m the basin, then whatever 
number of <.c. of sugar solution we use, that number will contain the 
equivalent of 10 c.c, and we have only to calculate : 

.X-* N«». •»( c.c. umi! : T«»t.il \<>lume «*< ^uj^ar stilutum :: Kijuivalcnt t>f 10 c.c ** Kchling " <jf 
the !»u^ar tii t{uciii<'n : Kcal >u^ar prcMrnt in the (juantit) wcii;hcil out fur anAlytitt. 

{D) Estiiiiation of Starch. 

Starch is weighed and boiled in a tlask with water containing dilute hydro- 
chloric aM<i. imder an upright condenser, for some hours. It is then cooled, 
neutralised with jKiiassium hydrate, diluted to a tixetl volume (not stronger 
than I in 2co), .ind then the solution so made is titrated into 10 c.c of 
•* Kehling.' .\ much improved process will be found m Chapter X. 

n. ESTDCATIOV OF PHOSPHORIC ACID 

is [xrrformeti by means of a standard solulion of uranic nitrate in the presence 
of sodium atctate. The necessary solutions are, 

1. Standard soluti<.»n of urani< nitrate, made by dissolving 70 grammes in 
900 c.c, of water, and then, after as* ertaining its strength Ijv |>crtbnning an 
analysis o\\ 50 < .< . of the stamlard phosphate solution, «iilu:ing with water so 
that 50 cr. will f orres|Kjnd exactly to 50 c.c. of that stiluiKin. If absolutcl/ 
pure uranic nitrate were obtainable, theor> requires the v»luiion of 71 grammes 
in one litre of water to yicl i a solution whn h will lialame the standard pho^ 
phate (each i i.e. = i gramme oi I'.O. ). 

2. Standard phosphate solution, ma le by disv>lving 50 42 grammes of 
perfectly pure dis<Klium h\<irok»en phosphate m one lure of water, when each 
1 cc will etpial 1 gramme o( !*.( )^. 

3. .\ solution of ICO grammes ot Mxiiurn accute and 100 grammes of acetic 
acid 111 water, and the whole diluted to one litre. 

4. Finely jK»wdercd |»otassi im fcrro< \an;de. 

To }>erlorm the prmc^s. the soUtiori of tiie phosphate in about 50 cc* of 
water is pla< eil in a lusin on the water Ijath, mixed with 5 c.c. of solution 
No. 3 (so<lic aieUt . and No. i luranic nitrate-, is run in from a burette, 
until a drop taken from the !asm on to a white piaic just gives a brown color* 
when a little powdered ferrucyamde is cautiouslv drop|icd into its centre. The 
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number of cc. of uranic solution used having been noted, the usual calcula- 
tions are to be applied. 

After repeated trials upon 50 cc. of the sundard phosphate solution, so 
as to thoroughly adjust the strength of the uranic solution, and at the same 
tiOM accustom the eye to observe the exact moment of the ai)pear;inf*e of the 
bffown coloration, the process may be practically applied to Manures. 

The best method of preparing the solution of the manure is to heat i o 
grammes to dull redness for 15 minutes, and when cold to reduce it to .1 tine 
powder in a mortar, and add gradually 10 grammes of sulphuric acid diUite<l 
CO 200 cc. with water. Rinse the whole into a stoppered hottlc« and make 
up with water to one litre. Shake up occasionally for an hour, and having 
then let all settle for three hours, draw off 100 cc. ( = i gramme manure) for 
analysis. To this add a little citric aciil (10 drops of a cold saturated solut>on), 
and slightly su|)ersaturate with ammonium hydrate, .\gain acidify with acetic 
acid, add 10 cc. sodium acetate solution, and then use the uranic solution as 
usual. If all these 4{uantitics he rigorously adhered to. each cc. of uranic 
solution used can, without further calculation, be taken as indicating i 
per cent, of tricalcium phosphate in the manure. 

This process is highly recommended by Mr. Sutton of Norwich, an«l elabo- 
rate details will be found in his work on Volumetric Analysis. 

X. 8TAHDASD SOLUTION OF BAEIXTM CHLORIDE. 

Semi'Hortttal=- 104 grammes per 1000 i.e. of Ha CI:. 

'Iliis is used for taking the amount of a soluble sulphate, by adding it to a 
known weight of the sulphate ; dissolve in water aciduLitetl with hydrtxhloric 
acid, until precipitation ceases. The priM'css, however, is tedious, and the 
end of the reaction is not sharp, and it is therefore rarely employed. The 
following is a specimen of the reaction usini; magnesium ^ulph.ite : 

MgSO*- 7HiO + HaCl. = HaSO, -f MgCT. -k yll.O. 

Each cc. of the standard solution e«[nals -04 SO;; or •04SS(>|. 

The solution is made by dissolving 104 grammes of pure barium ihlomlc 
dried at 220 F. in i litre of water. 

XL 8TAHDAED MATER'S SOLUTION. 

Made by dissolving i3*54^> grammes of pure men-uric chloride and 4</8 
grammes of |)Otassium iodide in water, and then making up to tooo c.« . 

'Iliis solution is used for the estimation of alkaloids, which .should be tree 
from any mucilaginous matter and preferably dissolved in a little dilute 
sulphuric acid. The reagent is added till precipitation ceasts. In the 
author^s hands the priKcss has not worked ver)' well, except for the amount 
of emetine in iffiaatanha , whit h may be rapidly UNcertained a^ follows : 

15 grammes of ifKrcai uanha are treated with i^c.c of dilute sulphuric 
acid« and sufhcient rectified spirit of wine aiideil to make the whole bulk up 
to 150 grammes. The whole is allowed to stand for 24 hours, and 100 k.v. are 
decanted olf for analysis. The li )Uid is eva{>orated until all the al(i>hoI is 
driven off, and then brought under the burette containing the test solutitm, 
which is run in until it ceases to uive a precipitate. The final point ot the 
reaction is ascertaineti by liltering off a drop or tuo into a watch filass plat ed 
on black ia(H:r, and adding a drop of the reagent, when, it no < loudinc*ss 
jq>pear, the pre<'ipitation of the alkaloid is < omplete. The number of a of 
the test used multiplied by *oi8(; gives the amount of alkaloid in 10 grammes 
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of the sample, which again multiplied by lo gives percentage. A full list of 
the e(}uivalents of the various alkaloids to Mayer's solution is found in the 
•• coefficient " table at the end of this chapter. 

Zn. AHALT8I8 BT THE nTROMKTER. 

(A) Oenend Seauurki. 

This useful instrument is illustrated in fig. 29. It consists of a measuring 
tube (A) graduated in cubic centimetres, having a funnel-shaped cup (c» 
connected to it by means of the stopcock (i»). This cock is a •• three-way" 
one, and accordmg to the direction in which it is turned, it can make 
connection and discharge the contents of the cup either into the tube a 
or out in the wa>te o{>ening at k ; or it can make, or quite shut oflf, all 
connection between (\)and the outer air through K. C!onnected to a by a 
piece of flexible indiarubber tube is the ungraduated control tube B. The 
object of the apiaraius is the rapid and accurate measurement, at definite 
tein|>erature and pressure, of gases evolveti during any reaction ; and it takes 
us name from the iM t that it was first used lo measure the nitric oxide given 

,^ off by the decomposition of nitric acid. Suppose that we 

' j fill the instrument with a fluid (say mercury) right up to 

the top : havmg closed the tap i», we lower the tube 11 

and then admit a little carbonic anhydride through E ; by 

9 o{>ening and again closing the top, we have a volume of gas 

in the measunng tube which we desire to measure tmder 

definite rondition. U (i) we allow the instrument to stand 

until its contents must have assumed the temperature of 

. - g ^ the room, then a ffttti^radf thermometer stispended lo the 

1 I same stand will give the tem|>erature of the gas ; (2) If we 

111 now raise or lower the control tube so that the level of the 

h<{uid both in it and in the measuring tube is the same, 
it is evident that the pressure inside a is the same as in 
the room, and reference to a barometer standing near 
will give that pressure. It now only remains to roui olT 
the \oIume ot the gas in the measuring tube, and 
having correncd it to normal temf)craiure and pressure by Charles's and 
Boyle's laws rcvpeciuely. to calculate it from us volume m ex. lo its weight 
in grammes \\ multipl\ing the numbir of < .< . of volume at N.T.P. by the 
weight of 1 c.c . of the gas m grammes. This latter is easily obtained by 
multiT»l\ing the cnth • CS96 >,rainine. weight of i litre of H) by the at^mu 
weight of an fUmcntQty or fuilj the ruufiUiar weight of a «<>w/S»«/»</ gas, and 
then dividmg by 1000. Sup|<se. tor example, that in the arulms of a 
nitrate or niinte wc have obtained jc t .< . ul riuru c)\ide at 15** C'. and 750 
m.m. barometer. an<l we rctjuire to know the weight of .\() mj got, that 
may a!terward> talculatc thercirom the v,e!ght of the nitrate present, 
should ^ay — 

: '•* lb 7S^ c V. vut rev tcl volume at N.l.r. 

- - O.^l :44 ^:xu . mii|;h! of I c t No. 

The \ar:ous j'<>^Mble applicatu ns of thiN insiiuinenl are so numerous that 
an exhaustive detail «t>uld t e imj ossiSle m the present work ; but the following. 
should be practised as typical tnsunce> of us use : 




ANAL YSIS B Y THE NIT ROME TER. 1 2 3 



(B) Eftiaiation of the Strength of Spirit of Vitroiu Ether. 

The active principle of this drug is eihyl nitrite. Nitrites when mixed 
with excess of potassium iodide and acidulated with sulphuric acid cause 
a liberation of iodine and evolve all their nitrogen in the form of nitric oxide, 
thus : — 

CtH.NO,+ KI + HjS04=C2H,HO+KHS04 + I + NO. 

The process (originally due to Mr. Allen) has been recognised oOicially for 
the assay of the spirit, and is thus conducted. The nitrometer is tilled 
with saturated solution of sodium chloride, with which owing to its density a 
strong spirit will not readily mix, and so we save the expense of mercur)*; 
5 cc of the sample to be tested is placed in the cup of the nitrometer, 
and the control tube having been lowered, the spirit is allowed to enter 
through the tap, taking care that no air gets in at the same time. 5 cc. 
of a strong solution of potassium iodide is next allowed to enter, and this 
is in turn followed by 5 cc of dilute sulphuric acid. Kffervescence 
immediately occurs, and if the tube be vigorously agitated at intervals, the 
reaction completes itself in 10 minutes. The level of the liquid in the 
control tube of the instrument is adjusted to equal that in the measuring 
tube, and the volume of nitric oxide is read off and calculated. For official 
purposes it is howe^'er sufficient to see that the resulting gas is seven times 
(or at all events not less than five times) the volume of the spirit started 
with. 'Hie least trace of air allowed to enter with the li(iuids vitiates the 
results of the process, because the nitric oxide would l)e thereby converted 
into a higher oxide of nitrogen and so become soluble in the fluid with 
which the instrument is charged. 



(C) Estimation of Vitric Acid in Nitrates. 

This depends on the fact that when a nitrate is shaken up with excess of 
sulphuric acid and mercury the following reaction takes place : ~ 

2KNO,-f4H2S04 + 3Hg=3HgS04 + K2S04 + 2.\0 + 4HA- 

ihu* showing that each molecule of the nitrate radical NO; gives off a 
molecule of NO. If anv chlorides or other haloid stilts be present they are 
first removed by adding a slight exc ess of argcniir sulphate to the Noluti(»n 
and filtenng. No quantity of a nitrate exceeding 2 decigrammes should be 
used, otherwise more gas may be evolvetl than the instrunienl will ( on 
%cniently hold. The nitrometer is charged with mercury, and the nitrate 
solution, which should not exceed 5 < .( ., is put into the ru|> anil passed 
therefrom into the measuring; tube followi.' l»y cx< ess of strong sulphuric 
aci<i The instrument is well agitated for s»'rne tune, and when a<li«)n has 
ceascti and the contents have cooled down to the temperature of the r»-K>ni, 
the level is adjusted and the volume of No rea»l off and calculated. .\ll 
the |»recautions already mentioned must be observed. If any nitrites be 
present, they affect the ace uracy of the estimation, being also decomi)osed 
to nitric oxide. 



(Z>) Estimation of a Soluble Carbonate. 

Thu has been proj>osed for use in takir.^ the strength of the medicinal 
solution ol anmioniuin carl'titiate in tl;e spiri: known as i^intus iimnumu 
mw9matiais. :\ given volume of the s[>int is placed in the c up and introduced 
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into the nitrometer charged with mercury. This is followed by an excess of 
dilute hydrochloric acid, and the carbon dioxide evolved by the action of the 
acid u[x>n the carbonate is measured. From this the percentage of ammonium 
carbonate may Ix? calculated, or an empirical comparison of volume on the 
principle of that already described for spirit of nitrous ether may be applied. 
According to Mr. (iravill, the originator of the test, good aromatic spirit of 
ammonia should give otf seven times its volume of carbon dioxide after allowing 
a correction for the slight solubility of the gas in the liquid with which it is 
in< losed. 

{£) EftimatioB of the Strength of Solutions of Hydrogen Peroxide. 

lliis <le()ends u{)on the fact that, when hydrogen |>eroxide acts upon 
potassium i>crmanganate, acidulated with sulphuric acid, oxygen is evolved. 
One half of this oxygen is due to the peroxide and the other to the 
j)ermanganate. The nitrometer should be charged with concentrated solution 
of soilium sulphate (which in this case \s better than brine), and one cubic 
centimetre oi the solution is mtroduced from the cup followed by excess 
of a strong solution ot {)oiassium permanganate acidulated with sulphuric 
and. The contents of the measuring tube, after the reaction is complete, 
must remain colored violet, thus showing that sufficient permanganate has 
been employed. A solution commercially described as of lo \ict cent, 
strength by volume should when thus treated give off twenty times its volume 
of oxygen. 

( F) Estimation of Urea in Urine. 

rhis ]>rocess de{>ends on the fact that when urea is decomposed hj an 
alkaline h)|>obrc»mite or hy|>ochlorite, it gives off its nitrogen in the finec 
state. .\ small tlask is fitted with a tight cork through which passes a funnel 
tube clof^etl by a clamp and reaching to the bottom of the flask and also 
a bent delivery tul>c just [xissini^ through the cork. 5 c.c. of the urine is 
placed in this tlask, and the nitr.Mueter having been filled with water the flask 
IS attached to the lap of the nitrometer at the end v. {i€( hg. 29, jiage ill). 
An excess of a sijlution of bromine in sodium hy<irate solution is then placed 
in the funnel and allowed to run into the urine, and the clamp immediately 
closetl. At the same moment the tap of the nitrometer is so placed as 
to establish connection l>elwcen f and the measunng tul*e. \ little warm 
water in a basin is ap[>lie<i to the tlask to hasten the reaction, and when no 
more gas is evolved, the lap is ( loseil, the temjHrrature and prc*ssure adjusted, 
and the volume read oti as usual hlach <,c. of gas at N F.P. r 
0029 gramme of urea present m tJu 5 c,c. of urine acted uj>on. 



Xin. COLORIMETEIC AHALTSIS. 

General Remarks. 

This is a varietv of volumetric anaUsts in which the amount of a substance 
present in solution is found by adding, lo a given volume, a fixed quantity of 
a reagent and observing the color produced. This color is then matched by 
adding^ to an Cjual volume of tiistilled water, the s.ime mixed quantity of 
reagent, and running in a volumetnt s<*lution of the pure sulistance until the 
same tint is prcniuted. Kvidently ^hen this )K>int is reached the amount of 
substance present in the solution under anal)-sis e«iuaU that in the volometnc 
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•olntioci used for the coini)arative experiment The applications commonly 
occorriiig of this method are : 



{A) Eftiaiation of Anunonia by *' Vetileriiing.** 

For this process the following solutions and apparatus are required : — 

(a) yessiif^s solution. Dissolve 35 {)arts of potassium iodide in 100 

parts of water. Dissolve 17 j>arts of mercuric chloride in 300 
parts of water. The li(iuids may be heated to aid solution, but 
if so must be cooled. Add the latter solution to the fornter 
until a permanent precipitate is produced. Then dilute with a 
20 per cent, solution of sodium hydrate to 1000 parts; add 
mercuric chloride solution until a i)ermanent precipitate ag.iin 
forms ; allow to stand till settled, and decant otT the < tear 
solution. The bulk should be kept in an accurately stopinrred 
bottle, and a quantity transferred from time to time to a small 
bottle for use. The solution improves by keeping. 

(b) Standard ammonia solution. Dissolve 3*146 grammes pure ammo- 

nium chloride in 1000 c.c. of distilled water free from ammonia. 
For use dilute 10 c.c. of this solution to 100 c.c. with ammonia- 
free distilled water. Kach c c. of the diluted solution will then 
contain 'i milligramme of NH.t {i.e. ocoi gramme.. 

(c) Tnv narroti' cylinders of colorless x^hss, of j)erfeclly e«|ual height 

and diameter, holding about 150 c.c. and gradu.iled at 100 <-.c. 
These should either have a milk glass foot or should stand 
U|)on |)erfectly white j>a|)er. 

<</) A pipette to deliver i * c.c. 

Ke\ A quantity of ammonia-free distilled uuiter. This is obt.iined by 
pktcing a litre of ordinarv distilled water in a retort attaching 
a condenser (see (hap. I., page 4). and distilling until what 
lasses c)ver ceases to give any color nith ** Nessler's solution " 
The remaining water in the retort is then c(»oleil and bottled 
for use. 

The liquid in whirh ammonia is to be estimated (usually a diNlillaie ol»- 
tiined in water analysis) is first made up to a fixed bulk, and the bulk nntcd. 
1 1 must be so diluted that it only gives a <v'/'-r and not a f^r.af^tf.jft with 
**Nessler.** 100 c.c. of this solution are placed in a < vlmder, and i i c.c. 
of ** Nessler " having been added by the pi|»ette. and the whole stirred with 
a ftrfectly clean rod the color produced is observed. .\ little ex|)erience 
•o*jn tct^'hes the operator to judge the probable amount of ammonia solution 
rr«|uircd to produce a similar tmt. Ix-t us supiK»e, for example, that the 
color is judged to be equal to 2«.c. of anunonia, then we pnneed to (onfirm 
our idea : 2 c.c ui the standard ammonia solution are run from a burette 
into the other c\ Under, amnioniafrce water is adde<i to loocc. then the 
\\ c.c. of ** Nessler." and the whole siirreil with the < lean ro<l. If now. after 
% few minutes, the coU)rs match, we arc ct>rrect . but if not, tlien we nmst tr\ 
Jgam and again with more or U'ns standard ammonia until we get an exact 
match between the color> in the two « \lin<ier>. This having bi-en atlame^l, 
the calculation is ver)- simple. an<l will l»e best e\p!aine<l Lt an eximple. 
Supfiosc that we start with a distillate containing ainnionM and \\\.u\%: up 
10 200C.C., and that we em;'l'>\ ; ci . of standard ainiuonia stlution in the 
cocD|iarison cxinrriment, to mate h the color produced by ** Nessler ' m looi.c . 
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of such distillate. Then 5 c.c x -f = '5, and '5 x 2 =r I'o ; therefore ihc 
whole 200 c.c. of distillate contained i milligramme of NH3. Beginners 
should train their eyes by obscning the colors produced by adding various 
([uantities of standard ammonia to 100 c.c. of ammonia-free water and then 
introducing the ** Nessler." y^, of a cc of standard ammonia iinll produce 
a very faint yellow, while larger amounts will increase the color to orange, 
and finally to deep orange-rctl. We should always i»*ait 3 minutes before 
obser\'ing, as the full color does not ap|>ear under that time. 

{B) SftimatioB of Salicylic Add. 

The substance containing the salicylic acid is slightly acidulated with 
hydrochloric acitl, and then shaken up with ether in a separator. The ether 
is drawn orf and evaporateil, and the residue is dissolved in water and 
diluted to a fixed bulk until it gives a suitable violet color, with a few 
dr(>i>s of ferric chloritie. 100 c.c. of the solution are then treated with 
10 drops of solution of ferric chloride; and the color having been observed, 
it is imitated in the other cylinder by a very dilute standard solution of pure 
salicylic acid made to 100 c.c. with distilled water and a similar number of 
droits of ferric chloride, exactly like the ncsslerising process above described. 



TABLE OF COEFFICIENTS. 



XIV. TABLE OF COEFFICIENTS ItEaVIBB]) IM THE TOLUHETBIC 
ANALTBIS DESCBIBED IR THIS CHAFTEB. 



Stuidftrd Add Solution.' 



iic;id 



Sulphur 

XH, 

NH.HO. 

NH.HCOj.NH.NH^CO. 

Na.K,0,-ioH,0 . 

Pb("C,HjO,Urt,0 . 

Pb-0|C-H,OJ, 

CazHO . 

CaO 

CaCO, . 

Ba[Hd),, 

Ba|H0)j8H,0 

BaCO, . 

MgO 

MeCO, . 

KHO . 

K-COj . 

K-CO, + l6%Aq 

K,C,H,0, (converted 

(K,C,H,Ob).jH,0 

KHC,H,0, . 

K,C,HiO, 

KC,H,0, 

K-Mn-O, (by oxalic 

KNaC,H,0, . 

NaHO 

Na,COj 



Stuidftrd lodiua SolntlDn. 



SO, 

H,SO, . 
! ASjOj . 
' NajS,0,sH,0, 
' Na,fiO,7H.,0 . 



■0032 



■ *oo495 

■ iiaj,-iu,7n.,u -0126 

K.SO32H.0 -0097 

Btkudmrd BlehrDDUta of PoUMiam. 
Potassium bichromate 
Fe(Kerro») .... 

FeSO, 

FeS0,2H,0 .... 
FeSOjHjO .... 

Fe,(AsO,), -04^6 

Fe,(P0.1," 0358 

FeCOj 034)1 

Fe,0, 0696 

Feb 

StuidSTd HTpDinlpliite Bolntian. 
Hyposulphite of so^liiim . 



BUndud Buiun Chlorid* Bolation. 
Barium chloride (BaCI,) . -104 

BaCUH.O -m 



StMidftrd Soda Bolntion. 

.Sodium hydrate . . . . 

HC-H,0, 

HjC,H^O,jr,0 . . . . 

HCl 

HHr 

HI 

HNO, 

H,SO, 

H,C,II,0, 

HCjHjO, (Uctic) , . , - 
H,tjO,2H^O 



Standard Nitrate of SUvsr Solstioa. 



SO, 

Standard KayBT'i Bolntion. 

Aconitine 

Atropine (l 200) .... 

Nepaline 

Hyoscyainine(i-2oo| 

Emetine 

Conilne 

Nicotine 

Strychnine 

Brucine 

Colchicine (1-600) . 

Morphine 

Narcotine 



\rBenlJC 



CN. 



-017 



HCN 0054 

KCN -01302 

NII,a 00535 

KCl ■0074s 

NaCl oosSq 

KBr 0119 

NaBr -0103 

Na..HAsO. 0064 

^'1 00355 



"oj;4 

*o33»7 



SabadilUne 

Physosligmine 

lierbeiine 0415 

ntnmeter AnaljtU. 

r 00282 HXO, 
Eachcc.ofNOatN T.P. ! . j^f^A 

equal, gramme of \ .^^^ C,H, .'nO, 
I 0019 Urea 
Each cc. ofCO^at N.T.P, t ,„„ , _„ 

equals grami^e of f '^^S (NH.l,CO, 
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CHAPTER VIII. 

GRAVIMETRIC QUANTITATIVE ANALYSIS OF METALS 

AND ACIDS, 



DIVISION l.-PRELIMINARY REMARKS. 

(iKAviMETRK quantitative anal>'sis is that method by which the substance to 
be estimate<i is converted into some chemically definite compouDd, weighed as 
such, and the amount of the original sulistance obtained from this weight by 
calculation. The same dcfmite con)|K)und will answer tx>th for the estimation 
of its metal and of its acid. For example, if we precipitate a known weight of 
argentic nitrate with hydrot hlorir acid we obtain insoluble argentic chloride 
which nuiy be filtered out and weighed and the amount (x) of Ag in the 
quantity started with calculated therefrom, because. — 

AgCl : .\g : : weight of .\gCl found : .v. 
1435 >o8: : ,. .. ., : .v. 

If, on the other hand, we start with a known weight of hydrochloric add, 
precipitate it with argentic nitrate, and collet t and ^eigh the argentic chloride 
formetl, we can hnd the amount (i ) of real !iC*l actually present in (|uaotity 
startc^l with, because,- - 

AgCl HCl . weight of .\gCl found : x. 
M3'5 36 5 • - - .. •»• 

Kefore giving the individual proce^ses for the quantitative estimation of the 
various metals, we must first s.iy something a^Hmt the pre|uration of filters, 
and the washing, drying, and weighing of pre< ipitatcs. whi( h will serve as 
general directions and mi save continual repetition of dctailv 

( A ) The Prepazmtion of Filters. 

Ready<ut filters ma) In: pro< ured from the dc.ilers in < hemical aftparatas. 
The kind known as Swt-dish i» the Inrst for all ca>cN where the precipitate is 
finely dividctl or puUerulcnt. For gelatinous prtt ipiiates, such a» ferric hydrate 
and talcium phosphate, the white Kngiish hlrcr> are preferable : but the%' 
should never \< us<-d, sav. f<>r lurium sulphate or « allium oxalate, as those 
Ikodies would \er\ likely pa^^ through the fM>res ot the filter, and so cause a 
loss in the ana't\sis. The t>ni> dra^luik to swed.sh pa|Krrs is their filtenng 
raUier sIoikU. Whatever |a|*ir t>e UKti. the si.e t^r 'quantitative ofieratioQs is* 
for the Urgtr N«rt, ^'ix in« hcs in r.i.uneter, for the smaller, alxmt two iiKhes. 
The small ^•,rt is use*! where we have to deal with ira< es ot pre« ipitate only, 
or when a Miia.l .uantit) ot tluul has to lic I'litertd. '1 he pa(*cr should Jteki 
nothing t<> di ute a^ :<!>, ar.il it the ash evioi (»ne tniliigranuiu )»er large filter 
It will in most . ase> W remedied by jlatiijg;. sa). i-s tut filters for 
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hours in a basin filled with a mixture of one volume of HCl and eight volumes 
oC water. They must then he refv^atedly washed with distilled water till (juite 
free from acidity, otherwise they would <Tumble to pieces when being folded. 
The washing is a very tedious operati(jn indeed, and having been completed, 
the basin is put on to a water bath till the filters arc ptrrfe<:tly dry. 

(iV) Ettimation of the Ash of Filters. 

This is most conveniently done by folding ten filters in a small connxiss, 
twisting a long platinum wire round the pa( ket so as to form a cage, holding 
the free end in the hand and the ))aper over a |>revi(jusly weighe<i platinum 
crucible while touching it with the tl ime of a Dunsen burner. The i>a|)er 
bums and the ash dro|)s into the rrurible, while any particles of carbon which 
have escaped combustion are (|uite consumed by ex[)osing the crucible for 
some time to a red heat till the ash gets j)erfertly white. The crucible after 
coohng is reweighed, and its imrease is the ash of ten filters. Divided by 10, 
we get the ash of one filter ; and in every « ;ise where both filter and precipitate 
are burned, the ash of the tiller thus found must always lie deducted from 
their total «'eight. and the different e is then the actual weight of the 
fftrecipiute. 

(C) The CoUeetion and Washing of Precipitates. 

When the precipitate has been t'ully formed and the supernatant thiid has 
become quite clear, the latter is |M)ured on the filter iwhi( h is either previously 
tared or not according to cinunistanceM, (:;ire being taken not 
to disturb the precipitate. This is done by holding a gl.iss rod 
in a pcr|)endicular position over the tiher, placing the lip ot the 
beaker agimst it and catising the li({ind to flow steadily down 
the rwi into the filter. When the laiier is three-fourths lull, the 
beaker is turned into an erect {tosiiion and the rod drained 
a^amst the inside of the lip and then laid across the top of the 
beaker until it is time to refill the tiitcr. .-\tttr thus |K>uring off 
as much «is practicable, the precipitate remaining in the l>e.iker 
IS treated with water ami well stirred. When the whole his once 
more settled, the clear tin id i^ again passed through the filter. 
This op;'iation having Inren repeated three or four times, the 
|ircci(Mtate is allowed to pass on to the filter, any particles which stii k to 
the sides of the Inraker l>eini; removed with a feather, or a rod tip|>eil with a 
small piece of black india-rubl>er tubing ; anil the whole having Iteen thus 
collected, the washing is continued by means of a Hashing*lK)ttle \'(\^. 30), till 
the precipitate is (juite freed from its soluble impurities. For insia-M-e, in 
estimating sulphuric acid, the barium sulphate is washe 1 till the fltrate no 
kMigrr gues a turbidity with ar>:entic nitrate. 

Slany bodies, as ferric and aluininic hydrate, most phosphates, barium sul- 
phate, and some of the carUjnates. are Ws\ washed with boiling water. ( ):hers. 
on the contrary, must be washed with co^d water,- such as plumbic sulphate, 
for which we use co!<i water acidified with some H^SOi; magnesium 
ammonium phosphate, for whit h co d dilute amin )nium hydrate is usc*d. etc. 

I P\ Drying of Precipitates. 

After the precipitate has been thoroughly washed and jK'rfectly drained, 
the funnel c<miaining it is l')osely <(»\cre<i o\cr with filler |)a|)er and then put 
into the wjter o\eu or air bath till dry. Mo>t [>re( ipitates are dried at a 
temperature of 2 1 2 F.. bat Mmie of them re<|uire a heat of 220 F. liefore 

9 
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becoming constant in weight. Prulongcd and repeated drying is only Decemary 
when the precipitate is trci^hed on the filler, as described below. Fig Jt 
shows a water oven for drying at 113' F., while tig. 31 shows an ur bath (or 
drying at highi-r temperatures. This bath is Titted with an apparatus for 
autornilically cortrulling the gas supply, and consequently the temperature. 



i 




I /; ) Igniting and Weighing of Prseipitatea. 
Must ptcripiiatcs imi\t first be igniitd Ixrforc thi-y tan l)e weighed. This 
is to .irivf nil waitr, »hi<h they inaj Mill rLiam after c!r)ing at jtj F., or 
carlionic anhydriile -inl wale-. For instance. /in<- i- l>c*t weighed as oiide, 
and thaifiire ilic pni ijiHatc, ronsisting of oxjcarlionate, is first ignited. Iroa 
is |>re(ipti.iii<l as liydratc. but the com|>osiiiun 1 f that t>ody not being constant, 
it is ignited .ind «> made into pure o<ide licfore weighing. As soon, therefore, 
as the ].rei ii>iiate appe.irs drv. it is carefully detaihed from the filter and 
put into a i.te>^(.iisly umlii! and weinhed crucible, the filler is burned on the 
lid iwhi. h h.is been »cit;lic»l ti'piiher niih theciuribki, the ash is thrown into 
the crutiblt. and ihe laittr nmreil with the lid. The irucible is now lup- 
|)orlcd by .1 pi)«.Mlay triangle, and gently ignited at first, to prevent spurting 
from the vu.lden evolutii>n cif steam iir oihcr gasi"«. Ihe lid is now taken 
off. ami the 1 rui ilile inclined a little, so as to gne a fire areesi of air. The 
ignition is .ontmiied for some minutes, and the 1 rucible. having been again 
covered wiiii the lid, l^ allowed to cool and weighed. Fur accurate estima- 
tions it is be^i to lei it i ool under a desiccator. Such an arrangentcnl it 
shown in fi^-, 55. in whub » is a ve--*! lorlainmi; stronj; sulphuric acid to 
keep the air un.ki the gUs-. shade always free i(..ni iiioiMure. 
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or the filter is placed Ix^tween two closely-fitting watch-glasses provided with a 
clamp to hold them together — it must first la: dried for fifteen minutes at 
212' F. After drying the precipitate, the filter is again placed in the tube or 
between the glasses and reweighcd : the increase shows, of course, the weight 
of the substance. It is well to replace the filter in the bath for, say, half an hour, 
and to weigh again. Should the weight be considerably less, it must be once 
more put into the bath and rcweighed. Another method of weighing precipi- 
tates on a filter is to prepare two filters of eipial size, a and h. Cut off the 
bottom point of n, so that a will go inside it with its ])oint projecting through 
the o])ening. Now put i\ on the weight scale of the balance, and cut off minute 
slices from the top of a until the two are exactly counterbalanced. Place a 
iriMde ii. and then, havin;; put both in the funnel, collect the precipitate, wash, 
and dry as usual, and cool under the desiccator. lastly, detach i:. and use 
1: for a tare, putting it into the weight pan, and then the weights required to 
:>aUnce a and its contents will be the weight of the precipitate, because both 
niters hanng been exjwsed to the same conditions the tare is accurate. 

(A I Estimation of Moiiture. pj 

A watch-glass is exactly tared on the balance, and then 2 grammes of the ^t 

substance <in jK)wder if possible) are carefully weighed ujvon the gla?is, and the 
total weight noted. The glass, with contents, is then placed in the drying ^ 

oven and heated therein for an hour, at the expiration of which it is removed 
to the desiccator, and when cold, is weighe<i and the weight noted. It is 
then replaced in the oven for half an hour, and the cooling and weij;hing ^ 

repeated. If the two weights do not agree within, say, 2 mtlligrainmes. the 
process is repeated until two concordant weighings are obtained. The weight 
after drying deducted from the total weight of glass -*- substance started with 
gives the moisture, which figure multiplied by 50 gives percentage. 

I G) Estimation of the Aih of Organic Bodie^ 

This detemiination is necessary in every analysis of a vegetable or animal 
substance. A platinum dish is heated to re« I ness, cooled under the desi< calor. 
wei|^hetl, an<l the weight noted. .\ suitable <]uantity, say 5 to 10 grammes of 
die substance, is weighe<l into the dish, which is then arranged on a triangle 
tup[K>rt over a Itunsen burner and heated to dull redness. If alter fumes 
cexse the substance is seen to have assumetl a coke-like f(»rm, it i> removed 
from the dish into a small dry mortar, and having been carefully powdered. 
the powder is replaced in the dish and maintained at a dull red heat until it 
has become jHrrfectly white, or at lea^i until all carbon has been burned off. 
If the burning proves very tedious and the last trac es of carbon are very 
diffif lilt to bum, the addition of a lifiht sprinkling of ammonium nitrate will 
rause the process to 1 omplete itself more rapidly. I he dish is now c(H»led 
under the desic<ator and weighed, and the w.i^ht of the empty dish h.f\ing 
been deducted, the <iifreren< e gives the wciji.t of the ash. whu h is then « al- 
culated to inrn^entage. The heat should not be allowed to rise to bright 
redness, because iK)tassium and sodium < .ilondes. which are very common 
constituents of the ash, would be thereby v-.lat:lisid to s.nne extent and si> 

loiL 

(//) Analytical Factors for Calculating the Resalts of Analyses. 

To save the working <.»ui •)f a rule oi three sum on the result f»t ea< h 
analysts it is customary :«» employ l..«t«»rs. 1 :.e>e are obtained by dividing 
the weight of the re'piirtd body by i!.e ejiir.alent weight i)l the form in 
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which it is precipitated. Thus, supposing we are estimating the amount of 
argentic nitrate present in a solution containing '6 gramme of the salt, and 
have precipitated and weighed the same in the form of argentic chloride, we 
have : — 

Molecular weight of AgNOj 1 70 1 • r 

Kquivalent weight of AgCl 143-5- '*'•*'• ^"^^>^»^^* '*^*^^- 

It now only remains to multiply this factor by the weight of the preci|)itate 
to obtain the answer. I>et us further suppose that the weight of the precipi- 
tate was '5 gramme, then 11847 x -5 = •59235 real AgNOj present in the 

•6 gramme taken ; then 59 3:> o _ ^^j^.. ^ ^^^ t ent. real AgNOi present 

•6 

in the sample. 

DIVISION II. GRAVIMETRIC ESTIMATION OF METALS. 

1. ESTDIAnOV OF SUVBR. 
{A) Km Ar^ntic Chloride. 

{practise upon -5 gramme pure AgNOj dissolved in 100 c.c. HjO.) 

Silver is most conveniently weighed as chloride, becauv this body is per- 
fectly insoluble in water and dilute acids, and seftaratcs readily. The silver 
solution to be estimated i.s acidified with nitric acid, and hvdrochloric acid is 
dropi)ed in until no more precipiute fonns. It is best to have the solution 
warm, and to stir till the su|)ernatant licjuid has got |)crfectly clear, llie clear 
fluid is now [)oured off through a hlter, and the chloride '\s washed by dccan* 
tation with b<>iling water, always fiouring the washings through the Alter, tilt 
every trace of ac nl is removed, and subsei|uenily brought upon the filter. The 
filter and coniciii** is then dried in the water oven, and the chloride transfened 
into a weighed porcelain crucible, and heated till it just commences to fuse. 
The filter is burned on the crucible lid. and the ash treated with a drop of 
aqua regia. the resulting chlori<ie dried, the lid plare«l u\yoT\ the crucible* and 
the whole weighed. The tare of the cru< iblc .uxi lid having been deducted, 
the iKilance is .*\g(*l, from the quantity weighed out for analysis. 

iB) Ai Metal. 

If silver is ret|uircd to be estimated in or|:ani< salt^. and other bases are 
absent, the anal>sis is |>erformed by igniting a weighed «)uintity of the salt, 
and weighing the ash, which will consiNt of pure metallic Mlver. 

In alloys the |)urc metal is obtained by cufrilatun, as follows —The weighed 
alloy is wrap{Krd in lead foil, pU< ed on a little < up or r///V/ made of bone ash« 
and heated to bri^'ht rciJness in a murtlc furnai e. Tlie lead oxidises and 
sinkf into the lupcl. carrying the impurities with it. and leaving a button of 
pure silver, which i> io<iled and *itighed. 

2 E8TIMATI0V OF LEAD 

kA\ k% Plumbic Oxide. 

< i'ractise upon 5 gramme pure plumbic acetate.) 

The Solution containing the substance to l>e anal>sed is precipitated with 
ammonium larlHjnatc in the preseme of a little ammonium h)drate. The 
precipitated pluinbu carbc>nate is then collected on a small filter, wauhed* and 
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dried. The dry precipitate is removed as completely as possible from the 
fiker-paper, and introduced into a weighed porcelain crucible. The filter 
having been burned on the lid, and its ash added to the contents of the 
cmcible, the whole is ignited, cooled, and weighed. By ignition, the oxide 
it fonncd ; and after deducting the weight of the crucible, the balance is PbO, 
from the quantity weighed out for analysis. Organic salts of lead re(|uire 
simply to be ignited in a tared porcelain crucible, with free access of air, 
adding towards the end a sprinkling of ammonium nitrate, and weighing the 
resulting PbO. 

{b) As Plombio Chromate. 

(Practise upon '5 gramme of plumbic nitrate.) 

The solution is mixed with excess of sodium acetate and precipitated with 
potassium chromate. The precipitate is collected, washed with water, acidu- 
lated with acetic acid, dried and ignited in a platinum crucible with the usual 
precautions. The filter is burned on the lid, treated with a drop or two of 
nitnc acid, dried and again ignited. The crucible and contents are weighed, 
aixl the tare of the crucible having been deducted, the balance is PbCrO^, from 
the quantity weighed out for analysis. 

Lead may also be precipitated as PbSO^, dried, ignited and weighe<l as such. 



3. BSTDIAnOV OF ICERCTJRT. 

uj) As Metal. 

(Practise upon 1 gramme of** white precipitate," which should yield 77*5 Hg.) 

Take a combustion tube of hard glass closed at one end, and put in : ( i ) a 
little magnesite — MgCOs ; (2) the white ))recipitate mixed with excess of (luick- 
lime ; (3) a few inches of ({uick-lime ; (4) a loose plug of asbestos. Draw out 
the open end of the tube before the blowpi])e and bend it down at a right angle. 
Gire the tube a tap or two on the tabic to insure a free {>assage along the up|)er 
part for gases« and place it in a combustion furnace, with its oiHfn end dipping 
imder the surface of some water in a small Hask. Apply heat to the front {art 
of the tube and go gradually backwards until the whole is heated to redness 
and the COj, given off by the MgC( )3, has swept all the mercury vapor out of 
the tube. The mercury collects as a globule under the water in the basin, and 
is transferred to a tared watch-glass, (H^rfectly dried by pressure with blotting- 
paper, and weighed. 

\b\ As Mercuric Sulphide. 

( Practise u|)on 5 gramme of mercuric chloride.) 

Throutfh tlie solution of the merrurir salt a current of H;S is (ussed till 
the liquid is saturated. It is necessary the mercury should be all in the mer- 
curic state, and not contain other inculs precipitable by HjS. The precipiute 
is collected on a weig'. ed filter, washed first with water, then with absolute 
alcohol, and finally, to remove any free sulphur, with a mixture of t^\Mx\ jorts 
of ether and rarbon disul[)hide. .\fter drying at 212^ F. and weighing, the 
balance is HgS from the (Quantity weighed out for analysis. 



134 (JUAXTITATII'K AXALYSIS OF METALS, 

4. ESmCATIOV OF CADlOXnL 

(Practise uix)n -5 gramme of CdCOj dissolved in diluted HCL) 

Ai Sulphide. 

The solution is precipitated with ammonium hydrate and ammonium sul* 
phidc. The cadmium sulphide is collected in a weighed filter, washed, dried 
at 212^ F., and weighed. This process is only applicable in the absence of 
metals also preci[)itable by ammonium sulphide. In the presence of metals of 
the fourth group the solution must l>c slightly acidified with hydrochloric acidL 
and precipitated by a current of sulphuretted hydrogen. 

5. ESTIMATIOV OF COPPER. 

{a) hM Cnpric Oxide. 

(Practise u|)on •$ gramme of pure CuSO^fHjO.) 

The solution (freed from other metals if necessary) is boiled with a slight 
excess of sodium hydrate. The precipitate is filtered out, washed, and dried. 
It is then carefully removed from the paper to a weighed crucible, and the 
filter having been burned on the lid and the ash added to the contents of the 
crucible, the whole is well ignited, cooled in a desiccator, and weighed rapidly* 
because cupric oxide is very hygroscopic. To make sure that the oxide con- 
tains no cuprous oxide, it is moistened with a little fuming nitric acid, dried 
with the lid on, ignited for ten minutes, and then reweighed. This operatioD 
rctpiircs care, being liable to involve loss by spurting. 

{b) Ai Metallic Copper. 

The solution, which must be U^t from metals prccipitable by elcctrol)*sis, is 
introduced into a weighed and very clean platinum basin. It must contain a 
slight excess of sulphuric acid, but on no account nitric acid. The dish is 
then attached to the wire from the zinc pbte of a galvanic c^U, thus becoming 
the cath4>de. The other wire is connected to a piece of platinum wire to form an 
anode, and this latter is then immersed in the li^piid. After a short time the 
^ fluid will become quite colorless, and the l>asin will be coateti with metallic 
copper. The fluid is now |K>ured off, and the < opper re[)caieilly washed with 
boiling water till all acidity is removed. The l^asin is finally rinsed with 
absolute al< ohol, <|uickly dned, weighed, and the tare (tf the basin having been 
deducted the diflercncc is metallic cop{>er m the (|uantity weighed out for 
analysis. 

The use of a latter)- may l>e dispensed with and a fragment of pure zinc 
used to precipitate the cup[)cr on the basin with sutficient aciil to dissolve all 
the zinc be ore jvounng off. 

6. ESTIMATIOV OF BISMUTH 

(j) As Bismuth Oxide 

T*he solution for analvsis (freed, if necessary, from other metals* is diluted 
with water, and precipitated with a slight e.\ce^s of anunonium carbonate. 
The prct ipitated bisniuthous oxycarbunate is collected. washe<l and dried. 
It is then sefaraicd Uum the filter pa|K.*r, and the Utter having been burned 
on the lid of a weighed crucible, the whi»!c is mirixiuced inu the crucible, 
and Ignited, cooled, and weighed. 
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(b) At Biimath Sulphide. 
(Practise upon 75 gramme oi bismuthi et afnmoniu citra$ B. P.) 

This process (although employed in the B.P.) cannot be much recommended, 
the sulphide is apt to increase in weight on drying, owing to the absorption 
of oxygen. A current of sulphuretted hydrogen is passed through the acid 
bismuth solution ; the resulting sulphide is collected on a tared filter, dried at 
212^ F., and weighed. 

7. BsnicAnov of oolo. 

As Metallic Gold, bj Capellation. 

The alloy containing the gold is treated exactly as described under silver. 
The resulting metallic button i< rolled out into a Hat foil, and is then digested 
vsth nitric acid, which dissolves any silver, and the resulting gold is re- fused 
into a button and weighed. 

8. ESniCATIOV OF PLATIKTTM. 
As Metallic Platinum. 

The solution, which must contain the platinum as chloride, is concentrated 
and precipitated with excess of ammonium chloride. The precipitate is well 
washed with spirit of wine, dried, ignited, and weighed, as metallic platinum. 

9. BSnMATIOV OF TIH. 

(^) As Stannic Oxide. 

.Mloys containing tin, but free from antimony or arseni< . are treated with 
nitric acid, which converts the tin into oxide and other metals into nitrates. 
The acid fluid is evaporated nearly to dr)'ness, the residue taken up with 
and a little nitric acid ; the oxide is washed by decantation. collected 
a ftlter, completely washed and dried. It is then as completely as i)ossible 
detached from the filter, the latter is burned on a lid, the ash added to the 
contents of the crucible, and the whole ignited. .After cooling the oxide is 
moistened with a little nitric acid, dried (with the lid on), and again ignited,* 
when, after cooling, it is ready for weighing. 

Where we have to deal with tin in solution, the following mcth»)d is 
applied : — 

The solution, which must be free from metals of the first three groujw, is 
precipitateii with sulphuretted hydrogen, the resulting sulphide is washed with 
solution of ammonium acetate, which will prevent the stannic sulphide from 
passing through the filter. After dr>ing, the sulphide is transferred to a 
weighed crucible, the tilter burned on the lid. its ash added to the contents of 
the crucible, and the whole ignited, at first vtry gently, until fumes of 
tnlphurous anhydride cease, and then at a very high tem()erature, with the 
addition of a fragment of ammonium nitrate. 

This process depends on the conversion of the sulphide into SnOj by 
ignition -. but it must be conducted with cire. as a too rapid application of 
heat would cause the change to take place suddenly, and the whole would 
ignite. 

{b) As Metallic Tin. 

This process, which is only appii< .ible to tin stone, consists in fusing a 
known quantity of the [lulverised ore with i>otassiun) c}anidc m a i>orcelain 
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crucible, when a small button or granules of metallic tin will be obtained on 
treating the mass with water. The tin is washed, dried, and weighed. 

10. E8TIMATI0V OF AHTIMOHT. 

Ai Antimonioiu Sulphide, with or without Subsequent ConvenioB into 

Antimouious Antimonio Oxide. 

(Practise upon 5 gramme of •* tartar emetic") 

The acid solution is mixed with tartaric acid, to prevent the precipitation of 
an oxysalt, diluted niih water, and precipitate«l with sulphuretted hydrogen* 
the sulphide collected on a weighed hlter, drie<i at 2 20^F., and weighed. 
The conversion of the sulphiilc into oxide is done by igniting it in a porcelain 
crucible, heating gently at hrst ; then dropping on nitnc acid until red fumes 
cease, and tinally igniting very strongly. The remaining Sb-Oi is then 
weighed. 

U. ESnilATIOV OP AK8EVIC. 

(a) As Arsenious Sulphide. 

(Practise u|H>n '5 gramme .X^ijOj.) 

The solution must contain the arsenrc as arsenious a< id. After adding 
some H(*l, a current of sulphuretted hydrogen is |»asscd through the liquid uU 
the latter acquires a strong smell. 'Fhe excesi of gas is now removed by 
warming the tluid and passing a current of carbonic anhydride through IL 
The sulphitie is collected on a weighed filter, washed, dried at 212^ F., and 
weighetl. • 



./•» 



As Maf^esium Ammonium Arseniate. 



If the substance be arsenious acid it is dissolved in some hot solution of 
sodium carbonate, cxc ess of hydrochloric acid is added, and the tluid gf^fy 
heated with jKitasMum chlorate till it smells distinctly of chlorine, even after 
half an hour. Arsenic and sulphur ton {Kuinds, or) the other hand, are dissolved 
in hot |)OtasMum hydrate and treated with excess *4 < hlorine gas to convert 
them into arsenic acid. The solution of arsenic and thus obtained by either 
of the foregoing methods is mixed with large cxc i*NS of ammonium hydrate, and, 
after being allowct) to ciM)l, prxipitatid uith m*j^nr.>hi mixture (^ fluid firepered 
by adding ammonium hylrate to a soluticn o; ina^ne^inm sulphate and re- 
dissolving the precipitate with ammonium thloride-. .\fter standing for at 
least twelve hours, the precipitate is 4ollc« ted on a weighed filter, washed with 
a mixture oi one volume of amm<»niufn hydrate and three volumes of water 
till free from chlorine, <iried for three hi>urs at 220** F. and Hetf;hed. If only 
dried at 212*'' F. the dr\ing hiU occupy a cunsulerably longer time. The 
results are usually a trifle tcHj low. 

12 ESTDIAnOV OF COBALT. 

As Potassium Cobaltous Vitiite. 

The sotu:u>n i^t -mcencratt-d to a >nuil bulk, theevcei^s of acid is neutralised 
with fMitash. ard e\i es<> of {loias^mui nitrite ar.tl a little acetic acid (to keep 
the solution slightly a« i<i to test pa|<n are then added, .\fter the lafise <>f 
twcnt\-four hours all the colialt «tll ha\c < r\sta!h«e<l out as |Mitavsium co(>altoits 
nitrite. I'his salt is «(uite insoluble in the mother li«)uor, but shghtlj ao in 
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pure water. For the washin^^, a 10 solution of potassium acetate is used, 
wherein the salt is also insoluble, and the acetate is afterwards rem(»\cd bv 
washing with alcohol. A weighed filter is used and the precipitate dried at 



»fa* 



f 



la B8TIXATIOV OF VICKEL. 

Ai Xetal. 

The solution is precipitated with excess of sodium hydrate and boiled. 
The precipitate is washed with l>oiling water, dried, ignite<l, and weighed. 
The ignited residue, or a known ]>ortion of it, is now introduced into a 
weighed glass tube and reduced at red heat by a current of hydrogen. The 
redoced metallic nickel is afterwards weighed. 

14. BSTIMATIOV OF XAHOAHESE. 
Ai M&nganosc -manganic Oxide. 

(Practi.se upon 75 gramme of pure MnSO, • 7Hj().) 

l*he solution for analysis, if strongly acid, is neutralise<l with ammonium 
hydrate and precipitated by ammonium sulphide. The precipitated manganous 
sulphide is washed with water containing ammonium sulphide, and dissolved 
in acetic acid. Chlorine gas is {Kissed through the licjuid until all the c 

manganew precipitates as manganic i)eroxide, which is then collected, washed, 
and calcined in a weighe<l crucible to bright redness This forms .MnjOi ; 
the crucible with the contents is then cooled and weighed. 

15. ESTIMATIOV OF ZIHC. 

Ai Zinc Oxide. 

< Practise upon 75 gr.immc of pure /nS047HjO.) 

The solution of the zinc salt (freed from other metals if necessary) is pre- 
cipitated boiling with so<lium carl>onate. and the solution boile<l well. The 
precipitate is allowetl to settle, washed by dccnntation with Imiling water, 
fihered out, and dried. It is then introduced into a weighed <-rucible, 
ignited for some time at a bright red heat, cooled, and weighed. 1 he ignition 
changes the precipitated /in< carl>onate to oxide, and it is weighed as such. 
Or the solution is precipitated with ammonium sulphide, the zinc sulphide 
collected on a filter, wa&he<l with dilute ammonium sulphide, dried, ignited, 
and finally weighed as oxide. This latter method is useful when only !»mall 
quantities of zinc are present 

16. BSHMATIOV OF IROV. 
Ai Ferric Oxide. 

(Practise u\yon 75 gramme of pure FeSO^ jH-O. ) 

The solution < freed if necessary fnun other metals. |)hosphates, and organic 
matter) is boiled with a few drops of nitric acid, to insure that the whole 
of the iron is in the ferric state. Kxcess of ammonium hydrate is a«ided, 
the whole l)oiled, and rapidly filtered. The )>rccipitated ferric hydrare is 
washed with boiling water, dried, and ignited in a weighed crucible for some 
time. 
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In the presence of organic matter, such as citric or tartaric acids, the iron 
must first be separated by precipitation with ammonium sulphide, the precipi- 
tate washed with dilute ammonium sulphide, redissolved in hydrochloric add, 
boiled, oxidised by potassium chlorate, and then precipitated with ammonium 
hydrate, as directed. In the presence of manganese the solution should be 
nearly neutralised by ammonium hydrate and then boiled with excess of 
ammonium a< ciatc. and the resulting ferric oxy-acetate collected, washed, 
dried, and ignited to Fe^Oj. 

17. ESTDCAnOV OF ALUKIHITnr. 

At Alominic Oxide. 

(I'raitise upon i gramme of pure alum.) 

The solution containing the alum or other salt of the metal (which must l>e 
free from iron and earthy phosphates) is precipitated with a slight excess of 
ammonium hydrate, and boiled until it only smells very faintly of ammonia. 
The prcci{)itatcd aluminic h)iirate thus obtained is filtered out, washed with 
boiling water, and dried. The dr)' filter and its contents are transferred to a 
weighed platinum crucible, and ignited to bright redness for some time, allowed 
to cool, and weighed. 

18. ESTIMATIOV OF CHROMITHI. 

Ai Chromic Oxide. 

Salts of chromium are at once precipitated with ammonium hydrate, and the 
precipftatc washed, dried, ignited, and weighed as Cr^Oj. Soluble chromates 
are first reduied by means of h)drochlorir and sulphurous acids (or, instead 
of the latter, spirit of wine may be used), and the chromium precipitated as 
hydrate by ammonium hydrate ignited and weighed as Cr..Oj, all as described 
above for aluminium. 

19. E8TIMATI0H OF BA&IXIIf. 

As Barium Sulphate. 

(Practise upon -5 gramme of HaCl; . jHjO.) 

To a solution in boiling water add cx( ess of sulphuric acid, boil rapidly for 
a few minutes, and set aside to settle. 

The clear liquor u* |»oured off as closely as |>ossible. and the precipitate 
collected on a filler of SwcJtih f^f^r, and washed with boiling water. The 
filter and pre(i^>itate are nc\t dried and ignited in a weighed platinum crucible 
(the precipitate being removed xs jHrrlci tly as jnissible from the fKiper, and 
the latter first burned se{aratcly <m the crucible li<l, and the ash added to the 
contents of the < rut ible. to avoid the reduc tion of KaSC>4 to BaS by the carbon 
of the paj>er). The crucible ami its contents having been wei|(hed, and the 
weight of the cruc;ble deductevi, the d;fTercnce e«iuals the Ba-SiJi. 

20 ESTDCATIOH OF CALCIXni 
As Calcitim Carbonate or Caletnm Oxide. 

(Practise u;<>n 5 gramme of i^mdertd calt sjur dissoUeti in dilute HCL) 

The solution of the lime val: is mixed with ammoniutn chloride, and is then 
nude alkaline t^y amm«>n;um hydrate. Should any precipitate (for instance^ 
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calcium phosphate) form, it is rcdissolved by means of acetic acid, and any 
totoiublc residue is removed by filtration. Ammonium oxalate is nov%' atidcd 
to excess. The precipitated calcium oxalate is bailed for a few minutes, 
filtered, the precipitate washed until free from oxalates, and the niter and 
coolents dried at 3 12'' F. The precipitate is now carefully transferred to 
Ji tared platinum crucible and gently ignited. It is then moistened with a 
solution of pure ammonium carbonate, eva|K)rateil to dr) ness, heated until 
no more fumes are evolved, and then weighed as carbonate. 

2L B8TDIATI0V OF MAOHESIITM. 
As Xagnesiom Pyrophosphate. 

(Practise upon '5 gramme of pure MgSOi * jH/J.^ 

The solution, which must he strong, is mixed with some anmionium 
chloride, and then with one-third of its bulk of ammonium hydrate, entirely 
cooled, excess of di-sodium hydrogen phosphate adJeJ, and the whole set 
aude for some hours. Care must be taken not to touch the sideN of the 
beaker with the stirring ro<l, as otherwise particles of the triple phosphate 
win adhere to them so tenaciously that they can only be removed with great 
difficulty. The precipitate is collecied on the filter and washed with a 
mixture of one volume of ammonium hydrate and three volumes of water, 
tiU the washings are free from chljrine. and dried. The precipitate is now 
detached from the filter and put into a weighed platinum crucible, the filter 
IS burned in the lid, the ash added to the contents of the crucible, and the 
whole ignited by means of a Hunsen burner; and, when a large quantity of 
phosphate has been obtained, finally ignited before the blowpipe. 

It sometimes happens that the phosphate, even after prolonged ignition, is 
Tery black. In that case it is, after cooling, thoroughly moistened with nitric 
acid, carefully dried, and re-ignited, when it will be found to be [Hrrfectly 
white. 

22. B8TIMATI0H OF POTASSIUM. 
As Potaasiom PlatinoChloride. 

iTo be practised ujH)n 2 gramrr.e of pure KCl.t 

The solution is [>Uced in a small i)orceLiin ba^in, anvl mixed with a t^tkhf 
excess of solution of |)latinic chloriile. I'he whole is evaporatetl to dryness 
00 a water bath kept at a temperature of about 20c F. When (juite <lr) it is 
again digested with a few drops of platinic chloride solution, tu make sure 
that all the sodium will be in the state of solium platino-chloride. This 
sodium compound and the excess of platinic chloride are now rem )ved by 
spirit of wine of 60 O.P., the precipitate is collected on a weighed filter, washed 
with alcohol till the washings api>ear (juite colorless, dried at 212 F., and 
weighed. 

23. ESTDCATIOV OF SODimC. 

As Sodium Sulphate. 

(Practise upon '5 gramme t)f pure Naf'l. 1 

This method is applicable where we have to deal with a sodraiu valt con- 
tainmg a volatile acid. The solution is mixed with excess ot sulpS.iric acid 
and evaporated in a weighed platinum basm. When fumes of sulphuric acid 
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bcrome visible, ihc basin is covered over with a lid or foil which has been 
weighed together with the crucible, and gradually heated till fumes cease. 
While red-hot the foil is lifted up a little, and a small lump of ammonium 
rarbonale put in the ciucible, which o|)eration is repeated after a few minutes, 
and the residual Na-SOi is cooled and weighed. The object of introducing 
the ammonium carbonate is to remove the last traces of free sulphuric acid. 



W. ESTIKATIOV OF POTASSIUM AVD SODIUM IV P&BSSICB OF 

METALS OF FOUBTH GROUP. 

(Practise u(>on the resitlue left on evaf>orating i litre of ordinar)* drinking- 
water, and rcdissolved in a little dilute HCl.) 

The solution, whi< h must l>e free from other metals, but may contain 
calcium, magnesium, and s<xiiuro com|K)unds (as their presence does nol 
interfere with the pnKressi, is first of ail precipitatcnl with excess of Ixirium 
rhl<>ride, which throws down sulphuric, phosphoric, etc., .icids. liarium 
hydrate or some n)ilk of lime is now added in slight excess, when any 
magnesia will also l>e thrown down. To the hltrretl li<|uid excess of am> 
monium carbonate is added, the precipitate is >e| arated by the filter and the 
fluid evrt|K)rated in a platinum crucible to dryness, best on the water bath. 
When «iuite dry it is < overetl with a platinum lid and gently heated as long as 
white ammoniaral fumes are visible. The residue, which will now consist of 
potassium chloride, together with ()erha(>s scxlium chloride, is however DOC 
t^uite fit tor weighing, and must l>e purified. This is done by redisiolvtQg 
in water and adding a little ammonium carbonate, when a slight precipiuuc 
will form. Alter filtering, the fluid is eva(K)rated, this time in a weighed 
platinum basin C()vi.red with a weighed lid, on the water bath, and when dry 
the residue is gently heated to faint redness for a minute, cooled and weighed* 
When no sodium is present it will now l>c pure potassium chloride ; but 
should it ;*lso contain so<lium < hl< ndr, then it must l>e redissolved, the 
potassium estimated by Pt(*l«, and the sodium obtamed by diflference. This 
process is one of the most commonly (Kcurring <iiK;rations, became it is 
re€|uired in every full anahsis of water, and also of the ash of all \*egetable 
and animal substances, where both p<jtassiiim and sodium have alwa)S to 
be estimated in presence of Ca, M^*. phosphates. cl« . It is therefore a very 
important one to thoroughly master. 



25. ESTIMATIOV OF AMMOHIUM. 

As AmBOiiiuin Platiiio*Chlonde. 

If the solution c<>ntains other bas)lous radicals, a known ({uantity of it is 
distilleil with snme slaked lime m a suitable apfuratus. and the distUlste 
recti^eil into dilute h\dr«M hiori< a< id. .\bout thret-founhs is distilled over. 
'I*he distillate :s then cxaporatL-ii to drvncs^^ with trxccrss of pure f»Iaunic 
chloride ■ 'ree from niiri> h\<iriH-hlorit ai id ». I he <ir\ residue is now treated 
with a nuxturc of tvio volumes of absolute altuhitl and one of ether, collected 
on a weighed filter, i»ashcd with the ^aid ether mixture, dried at 2\t F., 
and weighed. I'hc folloumg (aUularion ts now applied 

Weight ot the dt)uble < hlor.de x \h •ammonium m the t|uantily 

442 ^ ' taken for anal) sis. 
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DIVISION ML GRAVIMETRIC ESTIMATION OF 

ACIDULOUS RADICALS. 

1. CHLORIDES. 
Ai Argentic Chloride. 

(Practise ui>on •; gramme pure NaCI.) 

The solution containing the chloride is precipitated witli argentic nitrate. 
Nitric acid is then added, and the whole warmed and stirred till the li«iuid ts 
perfectly clear. The precipitate is now treated as directed (see Silver, p. i ;2». 
After weighing the chloride it is calculated to (!1. 

2. IODIDES. 

3. BROMIDES. 

4. CTAHIDES. f 

The process for each of these is practically the same as for chloride. The 
argentic cyanide is, however, collet ted and weighed upon a weighed filter. j' 

The argentic iodide and bromide are treated like the chloride : but // a filter 
b used, it must he a weighed one. 'I*he filter is afterwanls reweighed, and ** 

the increase in weight is the amount of argentic iodide or bromide lost during g 

the washing by decantation. 



5. B8TIMATI0V OF AN IODIDE IN THE PRESENCE OF A CHLORIDE 

AND A BROMIDE. 

By FalladiaiiL 

The solution, slightly acidified, is precipitated with exi ess of pall.idious 
chkmde or nitrate. The whole is then allowed to siand in a warm pla< e for 
twenty-four hours, so that the precipitate may thoroughly settle. The suinrr- 
natant liquor is j)Oured off, and the precipitate having l)een colle< let! on a 
filter, and washed, is placed in a weighed platinum crucible and ignited. 
The whole is then again weighed, an<l the weight, less that of the < nicibie, 
er]uals the amount of metallic )»all.ulium left after ignition. Now, 100 parts of 
the metal combine with 2.v;*6 parts of iodine in the precipitate, therefore the 
weight of the metal left afti-r ignition x 2 3c)6 = ihe amount of iotiine in the 
weight of the sample taken for analysis. 

6. MUTUAL ESTIMATION OF CHLORIDE, BROMIDE, AND 
IODIDE IN THE PRESENCE OF EACH OTHER. 

I Practise upon •! ^;ramme each of K(1, KI, and KHr di>so!ved 

together in i5oc.(. of water.) 

Obser\'ation has revealed that if argentic chloride l>e digesteil uith |>otassii:in 
bromide it is thereby convene* i mio argentic bromide : again, if argcntii 
bromide be digested with i>otasviiitn loilide it is in turn changed to argentK 
iodide. 

This being rccogniser'. and a soluti(m of a known «|;Mntiiy of the niixeti 
tilts being made, divided into three c<]ual \olutneN and slight ev ess of 
argentic nitrate addetl to each, three pre( ipitates are obtained, \\hi< h are t«> Ik.* 
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washed lill free from soluble nutter. The first of these must then be dried 
and weighed ; the second digested nHth solution of KBr, washed^ dried, and 
weighed ; the third <ii^ested with solution of KI, washed, and also, after 
being rendere<l free from moisture, weighed. From these three results the 
amounts of CI, Br, and I are to be deduced by a calculation based on the 
difterence of the molecular weight of AgCl, AgBr, and Agl. 

The t'irst weighing is — 

AgCUAgBr^Agl. 

The second is — 

AgBr-^Agl, and is conseciuently increased as 35-5 is to 80. 
The third is entirely Agl, and is consequently increased as 80 is to 127. 

7. SULPHIDES. 

By Convertion into Sulphate. 

(Practi^^e ii|Mjn 5 gramme of purified "black antimony.'*) 

Are analy>ed by fusion with a large excess of a mixture of |>otassium nitrate 
and carbonate, extracting the fused mass with water, filtering, acidulating 
with hydpH hloric acid, adding excess of barium ihloride. and proceeding 
as for a sulphate: but calculating at the last to sulphur instead of sulphuric 
acid. Some Nulphuies can be dissolved in nitric acid with the addition of 
successive small crystals of {x>tas>ium chlorate. I.xrcss of hydrochloric acid 
is then added, and the whole evafKirated to <lr\ness. I he mass is then boiled 
mith dilute hydnc hloric ac id. filtered, and the filtrate precipitated with bahum 
chloride as above. 

8. SULPHATES. 
Ai Barium Sulphate. 

( Practise uiK)n 5 gramme of MgSO, • 7Hj().) 

To the solution of the sulphate hydrcxhloric acid is added, then excess 
of barium chloride, and 'he whole boiled. When «juite c lear, a little more 
barium chloride is added, to aMcrtain whether all the sulphuric acid has 
precipitated. The precipitate is now treated precisely as in the barium 
estimation. 

9. vrniATES. 

(./) In Alkaline titrates. 

If nitri< .icid Ik.* rcjuireii to !.^- estimated in. say, ordinary nitre, the sample 
must tirst he heated to iusion to remove m<;isiure, and then be quicklf 
|)owderec!. A known «pnntity '*i it is now mi\c-d in a platinum crucible with 
lexartl) > fi)ur t:ti e^ it-* w\:^ht of p.umbic sulphate. The mixture is ignited 
till It ce.jses to !o-e weight. an«i tl.e loss \%ill )u^t represent the amount o( 
nitric ar.h\<ir'.«:c in the ''.iinilf taken !•»: anah^is. 

* 

If plum!;* ^\:Iphate i" UM.ti. the reaction ;> represented by the following 
formula 

/>' By ConTersion into Hitric Oxide 

Alrcad) <ic-« n ed at ; aj;c irj. 
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(C) By Convenion into Ammonia. 

The nitxate is converted into ammonia by the action of nascent hydrogeni 
thus — 

HNO3 -f 4Hj=NHa -f 3HjO. 

The nascent hydrogen may be applied in various ways, as follows : — 

1. By distillation with so<Iium hydrate and metallic aluminium, and 

receiving the evolved ammonia into a known volume of 
standard acid. 

2. By acting on the nitrate for 1 2 hours with zinc or iron and dilute 

sulphuric acid, and then adding excess of sodiun hydrate, and 
distilling otf the ammonia into a known volume of standard 
acid. 

In any case, the standard acid used is then volumetrically checked l>ark by 
standard sodium hydrate, and the excess of arid used over that of alkali gives 
the amount of standard acid neutralised by the ammonia. This amount, 
having been multiplied by the stiength of the acid in each cc, is calculated 
to ammonia. Then — 

Ammonia found x 54 _ f amount of anhydrous nitric acid in 
1 y I the quantity taken for analysis. 



10. PHOSPHATES. 

{A) Ettimation of the Strength of Free Photphorio Acid. 

7*38 grammes of the acid are cvai)orated in a weighed dish with i8*o 
grammes of pure litharge, and the dry residue ignited and its weight noted. 
T hus treate<L strong H. P. arid should yield 2 1 5 grammes of residue. 

(^) Ai Kagnetiam Pyrophotphtto in Alkaline Phosphates. 

(Practise upon '75 gramme of pure Na..HP()| • i^H.-D.) 

TTiey are at once precipitated with ammonium hydrate ami fun^nrsia 
mixture, and the precipitate is treated as dire< ted under .Magnesium. Should 
the\' contain the arid as meta- or i)vro- arid, thev must first either he I>oiled 
with strong nitric arid for one hour, or be fused with jxjtassium sodium car- 
bonate. 

( C» As Kagnetinm P]rrophosphate in the Presence of Lime and Kagnesia. 

(Practise upon 5 gramme of pure C\i:.(PO,);. dissolveil in dilute HCl.) 

Ilie solution (which must contain .orihopho»»phoric acid, or, failing that. 
should be boiled with HNC)3 as alKue) is precipitated with ammonium 
hydrate, the precipitate redisM>|ved in the smallest amount of acetic acid, the 
lioie precipitated with ammonium oxalate, and the phosphoric at id pre- 
cipitated in the filtrate by addini: ammonium hydrate and ntan^nesta mixture^ 
and prorce<!ing as already dt scril»e<i for magnesium. Before pre< ipitation this 
filtrate shoul<l be eva|>orated to a bulk of 3 ounces. This process is suitable 
<or detennining the ** scluHe phosfhata " in an artiN ial manure. 
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(D) Km Ibfnetiiiin PyrophotphAte in the Presanoe of Iron aad 

Aluminium. 

(Practise \x\yoT\ 75 gramme of H. V. F€rn phosphas dissolved in dilute HCl.) 

The solution is mixed with excess of ammonium acetate, boiled, and ferric 
chloride addeii till a dark-brown precipitate forms. I'his is washed with 
boiling water and redis:»olved in a small (juantity of dilute HCl. About 6ve 
grammes (or more) of citric acid are now added, and ammonium hydrate is 
added to the whole in large excess, and, after cooling, magnesia mixturt and 
the prei ipit ite treated as for ma^^nesium already described. If the addition 
of excess of NHiHO docs not produce a clear lemon-yellow solution then 
enough ritric acid has not been added. 

kE) Eftinuitioii as Photphomolybdite. 

If necessary, the acid solution is heated and precipitated with HjS to 
remove arsenic. The excess of H^S is boileii off. ami large excess of nitric 
acid IS added. .\n excess of ammonium molyl>date and immonium nitrate 
dissolved in nitric acid is now {>i)ured in. the li<piid boiled, and finally allowed 
to stand for some hours in a warm place. The precipitate is filtered off, 
washed with dilute alcohol until free from acidity, redissolved in dilute 
ammonium hydrate, and this solution e%aj)orated in a weighed dish on the 
water bath and dried in the water oven. Its weight -f- jS 5 = PjOj |)resent. 
This pro< ess is the l)est for detennining small amounts of total phosphates in 
cast iron, waters and soils. 

U. ESnXATIOH OF TOTAL AVD SOLUBLE PH08PHATB8 IV AW 
ARTIFICIAL MAKITEE OR OF TOTAL OHLT IM SOIL. 

(.</) Total Phosphates. 

.\bout two grammes of the finely powderetl substance are weighed accuntelyt 
transferretl to a l)eaker and decomposed with HCl, and nhere necessary with 
the addition of a drop or two of HNOi. The solution is then eva|x>rated to 
dr}ness in a water bath, taken up with HCl, and after digestion the insoluble 
silicious matter is sei»aTated by filtration : a weighed «{uantity of citric scad is 
added ; the solution heated up nearly to boiling [>oint, and a weighed quantity 
of ammonium oxalate added. The (Quantities used must vary with the 
substance under examination, the knowledge only bein^ a(i(uired by ex- 
|)ericnce : but it is scMoni net essary to add more than 2 grammes citric acid 
or 25 grammes ammonium oxilate. The free acid is then just neutralised 
with dilute amnnmia, and acetic acid added, to decidedly at id reaction. The 
liquul IS kept simmering lor a few minutes with ctinstant stirring, and after 
standing a short time tne t alt ium t)\alate is filteretl out. (treat care must 
be observed nt>t to ha\e ttxi lar^e an cv ess of ammonium oxalate 
prevrnt. as mag^ncMum t oxalate in an ainmoniatal solution is somewhat easily 
prei ipitatctl. To ihe filtrate ammonia of SSo »p. gr. is abided to about one- 
fourth »»t the bulk ; and to the li'juui. which must remain tlear, or only slowly 
throw dt)wn a small prc*ciptiate, due tti the magnesia present, magmesia 
Mtxtufr \\ atltied in moderate evens. I he li«)Ufd must lie set aside wtth 
o<tasuinal stining f«»r the |>fvcipitate to lt>rm the time re(|uire<i being 
pnn« ipally tletermmeti by the •|U.intity t»i alumina present. It is best, 
however, to allt>w ii t*) !»tanti overnii:hi, althougli in tascs where the alumina 
IS absent, or snull. the precipitation will be found to be complete in two 
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The precipitate is then separated from the liquid by filtration. 
kI in as little HCl as possible, and re precipitated wuh one-third of iH 
L of ammoDia. After allowing to stand fur two hours with occasional 
J, it may be filtered, and afier dryin;; converted, bjr ignition in a weighed 
ptednnni crucible, into .MgjP::0,, and wirighcd a« such. 

The cakiura oxalate is converted into CaCO^ by gentle ignition, weighed, 

" ■ ■ in HCl, atid tested for P.O., which may be present in iinall 

I, and which should be determined. 

The HgtPjO, is calculated to Ca,(l*(),)] unless a full analysis is being 

made, when it is calculated to I'.O, and divided pro rata among the bases 

aoualljr found to be in combination with it. 

{B) Solnbts Pbofphatw. 
Five grammes of the utanure are well triturated in a mortar with distilled 
water, washed into a siopdercd 25a ex. Aaslc and made up to the mark with 
water, .\fter standing with occaiional sh.ikin; for two hours 100 c.c (= % 
fCiammes of sample) is drawn off by a pi|>cttc into a Itcalccr, i grammes of 
citric arid and 15 grammes of aiiininniuin umlaic arc dissolved in the li>|uid, 
which is then treated with ammimia, acetic acid, kxc, as above described. If 
the amount of soluble calcium coiiies out low, the iirocess should be rcjwatedt 
li»ing such a weighed quantiiy of ammonium oxalate as will just remove it 
from solution This is because the great source of error in phosphate 
estimations is the use of excess of oxalate, cau<iing the precijiiiaiion of 
magnesium oaalate with the ma^nesiiint ammonium phosphate. The Mg.l'jO, 
is olculated to Caj(I'Ot).. and reported as " phosphate made soluble." 

12. ABSE5IATES 

are estimated precisely like phosphate 
magnesium arscniaic is dried at no" V . 
mtdcT Arsenic The precipitate thus d 
•tmplkity of calculation, .MgNH,.\s<), - 

13. CASBOBATES. 

A Mrbvutta is estimaicil by the loss of weight it undetijocs by the di-,- 
placement of its carbonic anhulride by an aciiL .A small and bght tlask is 
Iirocurcd, and fitted with a cork thruu^li which paiise^ 3 tube |i cunlamni){ 



t the precipitate 

eifihed liber, as already directed 

i(MgNlI,.\s(),r 1I,U; or. lor 




ftlgnicnti of calcium chloride (see li^. 35). .\ 
carbonate is iniriK^uced into the lla^L with a litllc 
It) about two inibes long is lilled uith sul|.b',iii<- 
AaiUc. s<> that, tietn^ -^iii^'Kncd in .111 i.[>n^lii \y". 
nua witli the cj;but,a:L-. llic ..iL i:> 1 ui w., *\. 



n-eii;lied 'pianlity nf liie 
.Her, and a iini.ill irsi lulie 
icid and <lnipjii;d into the 
..n. none ..f llie a.-ld shall 






I the 



• 1.J.C 
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apparatus having been carefully noted, it is inclined so as to allow the acid to 
run from the small tube into the body of the flask. Eflrer>'escence sets to, the 
carbonate is dissolved, and the CO«, escaping through the calcium chloride 
tube, is deprived of any moisture it might carry with it. When all action has 
ceased, and the whole has cooled, it is once more weighed. The difference 
between the two weights gives the amount of CO, evolved. 

A belter apparatus is that figured (No. 36), in which (c) is the flask, (a) the 
tul>e to contain liCl to decompose the carbonate, and (h) a tube containing 
strong H^O^ through which the evolved (JOj must pass, and so be perfectly 
deprived of moisture. 

14. OZAUC ACID. 

Ai Calcium Carbonate. 

The solution containing the acid, or its {>otassium or sodium salt, is made 
alkaline with ammonium hydrate, and precipitated with calcium chloride. 
The precipitate is washed till free from chhyrLia^ dried, ignited, and finally 
weighed as carbonate. ;Sec Estimation of Calcium.) 

15. TARTARIC ACID. 

Ai Calcium Oxide. 

The solution (which must contain no other bases than Ka, Na, or NH^) is 
mailc faintly aikaline by ammonium hydrate, and prcci[)itated by excess of 
calcic chloride. The precipitate is washed, dried, ignited (with the blowpipeX 
and wcighcil as calcic oxide. 

16. SILICIC ACID. 

\A) In Soluble Silicates. 

By soluble silicates are meant those which are either soluble in water or 
in hydrochloric acid. The solution (which must contain some free HCl) is 
evaporatetl to dryness on the water lath, and the resiciue dried for an hour 
at 248** F. .\fter cooling, the mass is moistened with strong hydrochloric 
acid, and then boiled with water, thuS leaving an insoluble residue of pure 
silica — SiOj— which is collected on a filler, washed, dried, ignited, and 
weighed. 

(/?) In Insoluble Silicates. 

These Ixxiies must l>c decom|)osed by mixing a weghed quantity of the 
finely powdered substam e with tour tunes its weight of >odium potassium 
carbonate, and fusing the whule for .ilKmt half an hour. ( When alkalies kmv€ 
to be eitimat(d^ .1 uMratc if^ti.il fuiioft must h mad( with barium hydreUe^ ^r 
pure lime mixed utth ammonium (hlorUi, instead of the Joub'ti carbonate,) The 
crucible must \< well covered during fusion. .After c(x>ling, the residue is 
treated with dilute and warm HCl until enerv essence ceases, evaporated to 
dr)ncNs and treated as above desml^'d at 14S * F., etc. 

DIYISIOH IT. aUAFnTATIYE SEPARATIOHS. 

This dcjvartment is lH*)onti the sc(»i»c of the present edition. When the 
student has practised all the contents of the l>ook up to this point, he will 
already have a sutVu icntly general idea of < hemic al analysis to enable htm to 
\\\ the line of w«.rk he clcMre> to nuke hi* sinrciality. If this be mioefal 
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he must pass to a larger book such as " Fresenius ** to complete his 
knoirledge. So as to give, however, some idea of how the preceding pro- 
otmt% may be joined in performing the full analysis of a mixture, we take 
the fclkywiDg example, because it is a standard one, and give a sketch of 
the manner of working in performing — 

Tkn Fill Analyaii of the Mineral Contents of a Sample of Oidinniy 

PoUUe Water. 

IlipL Take the total solid residue of 100 c.c. (calculated in grains per 
fdDon) as directed in Chapter X., to sen*e as a check on the results ; then 
Ignite and again weigh : \oss'=^organic and t'olatiU matter, 

Mep IL Evaporate 3000 c.c. of the water to dryness in a large porcelain dish, 
and beat gently till fiimes of NHa cease to be evolved. Moisten the residue 
with 10 c.c. of distilled water, and then add 200 cc. of proof spirit ; having 
gently detached it all from the dish, filter and wash with proof spirit till 
practically nothing more dissolves, l^his procedure is useful because it 
fcpaiates the salts present thus : — 

(a) The filtrate may contain all salts of K and Na, chlorides and 

nitrates of Ca and Mg, and the sulphate of .Mg. 

(b) The insoluble residue may contain the sulphate and carbonate of 

Ca and the carbonate of .Mg, together with any iron silicous 
matter present. 

(1) Analysis 0/ the filtrate. 

(a) Evaporate till the spirit is driven off, cool, transfer to a 350 c.<:. 
flask, and make up to the mark with distilled water. Divide 
into two portions of 100 c.c. and 150 c.c. resjKrctively, marking 
them (a) and (»). 

(b) To (A)addNH4Cl, NH4H(^ and (NH4)3C20«. to precipitate the 

Ca, and estimate as usual as CaCOj. Calculate to CaO and 
then X 3*5 = CaO present as CI or NOj in the original 3000 c.c. 
of water taken. 

(c) To filtrate and washings from (b), concentrated to 50 c.c. and 

cooled, add NajHPOi to precii>itatc .Mg, treat as usual, and 
weigh as .MgjI^O;. Calculate to MgO, and then x 2-5 = Mg() 
present as CI or NO3 in the original 2000 c.c. of water. 

(J) To (b) acidulate with HCIand add llaCIa to precipitate sulphate. 
Treat as usual and wei^h as HaSOf. Calculate to SO . and then 
X 2*5 -^ 1*5 = total .SOj j)resent in the origin.!! 3000 c.c. of 
water taken m combination with R or Na. 

ie) The fihrate and washings from {J) arc evaporated to a low bulk 
rendered alkaline with pure Ca(HO)., the separation for alkalies 
given at i>age 140 gone through, and the K. and Na present 
both estimated as chlorides. Results x 3-5 -f- 1*5 = total R 
and Na present in the 3000 c.c, of water started with. 

(/) 'ITie residue from (e) is diss(»lved in a httle water and the R 
estimated thereon by PtCl^ in the usual manner and < alculated 
to RjO (see i>age 139). .An equivalent amount of RCl (calcu- 
lated from this R./)) is then dctluctcd from residue (e) and the 
balance is NaCl, which is calculated to Na..O. 

(2) Amah sis 0/ the insoluble portion, 

(a) This is washed from the filter with distilled water and then boiled 
with 100 c.c. of HjO and HCl added till effervescence ceases. 
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Any insoluble is filtered out, washed with boiling HjO, dried, 
ignited and weighed =x//iirk^i// matter in the 2000 c.c of water 
started with. 

{b) The filtrate and washings are wanned with a drop or two of 
HNO3 and mixed with NH4CI-h NH4HO. and the iron estinuued 
if present as FejOj, and result calculated to Fe= total Fe in the 
2000 cc. of water taken. 

(r) Divide filtrate and washings into two ecfual parts, a and b. 

(d) The portion a is precipitated with (NH4)tCsO«, and the cakdnm 
estimated as CaCOi and calculated to CaOstotal CaO as 
carbonate or sulphate in the original 2000 c.c. of water taken. 

(t) The filtrate from (d) is concentrated to a low bulk, cooled, and 
Na3HP04 added with excess of NH^HO^and the Mg estimated 
as usual as Mg^PjO; and calculated to MgO. Result x 2=: total 
MgO present as carbonate or sulphate in the original 2000 cc. 
of water. 

(/) The portion b is acidulated with HCl, and the sulphate estimated 
by BaCls, weighed as BaSO« and calculated to SO|. Restilt 
X 2= total SOi in combination with Ca or Mg in the original 
2000 c.c. of water. 

Step TCL Evaporate 250 c.c. of the water to a bulk of 2 cc. and treat in the 
nitrometer to estimate the nitric acid (see pa^ 123). Resulting NO calcu- 
lated to NjO| and x 8= total NjO, present m 2000 c.c of water. 

Step IV. Take the amount of chlorides volumetrically (page 1 13) in too c.c. 
of the water. Result x 2o=Cl in 2000 c.c. of water. 

Step T. Calculation of results, 

(a) All our results being in grammes or fractions of the same from 
2000 c.c. of water, each must be multiplied by 35, which will bring 
them all to grains per gallon (parts in ; 0,000 >. Now we stale 
out our analysis thus (example taken from actual practice) : — 

A sample of water yiekling lO'l miiu of total %cX\M pef gallon* of which '45 min 
*' organic and volatile matter," and the balance ( 19*65 graimi %»aA mineral matter, uiowcd 
analym :— 

(d) In the portion soluble in tptrit : 

I'oCasAium otuie 

5>oilium oxide 

Chlorine .... 

Sulphuric anhydride 

Calcium oxide . 

Magnesium oxi<!e 

Nunc anhydride 
<#) In the portion insoluble in \ya\\ : 

Calcium oxide . 

Magneik^ium oxide 

Sulphuric aiih\xir»de ■ 

Siliciou% matter 

Ferric ox¥Je 



From this residue i* no%i t<» I* xlwx)"* deductcil an am<*unt of «r%\^rn r |uiraleot to the 
chlorine found, because all the ta««-k have been cAlcuUtd t<> ixidc^. uhile hal<jttd vaitt c«4i* 
lain no oxjgen. The chl'fnne f«»und i* I 2133. arvl — 

*- ■■'2737 oxj-gen, cjujvaJcnt lu i I f rjni. 

Performing ihi* •irductt«o. we have : 

13 V^37 - 27 }7 - 13 7100 giaini of solid mailer actually fonmL 



« « • > 
• » • • 


grains per galkjo 

•2704 

1 4097 
1 2133 

6803 

none. 


• 


m^oe. 




n<»ne. 


• • • - 


7 395 3 

IXXXX) 

17647 

2000 


• 


0500 


rt>ial Umnl 


1 ; *>8 ;7 
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fciiituc, after driving off organic matter, was 19*65 grains per gallon, tnd the 
IS doe to CO, nnestimated, thus : — 

'9*65 — 1371 - 5*94 grains of CO, per gallon. 

this CO, to the sutMtances actually estimated, we get : 
Total sulmtanceii founds CO,- 19*65. 
Actual residue found — 19*65. 
vhidi piOTCS oar analjrsi^ to be correct. 

It now icmains to calculate how these liases and acids are probalily combined a% <ilts 
•ccnalljr pfcaent, by the following general rules of affinity, thu> : 

(«) tm ikt pmrtimt soluhlt in spirit, (i) Any sulphuric anhydride will prefer the tastes in 
the ioUoviiig order : K, Na, Ca, Mg. (2) Chlorine will prefer the ba^es m the same urdcr 
mfiir ikeSO^ is satis/itii. Therefore we first calculate our K,0 to K,SO,, which give> '50 ami 
aicft ap *tt96 of our S< >,. and the lalance of SO, ('4507) we calculate to Na,SO,. Thi% give% 
'fo Na^SO^ and leaves 1*0604 Na,0 not as sulphate and therefore existing xs chloride. Calcu- 
btiag aoooidingly, we get 2tx) of NaCl. whicti ju>t u^^cs up all our chlorine. Therefore thik 
pufftioo oootained altogether :— 



Potassium sulphate 
Sodium sulphate . 
Sodium chloride . 



2'0O 



(i) /ft iAefarti^m instfluble im spirit : I'l) The SO, found will all lie present as CaSO^ and 
the faaUace of CaO and all the MgO uill l)c a^ carliunates. Theref«)re 17647 SO, calculated 
toCaSO, becomes 3tx>an<l u^cn up 1*23^^ of CaO. leaving 6'i6 to l»e calculated to CaCO,. 
Thift jridds iitx> CaCO,, and the too of MgO fouml calculated to MgCO, gives 2'ia Thus 
Iftii pofftkNi oootains : 



Calcium sulphate . 
Calcium carlK>nate 
Magnesium carlionate 



300 

11*00 

2*10 



P«tiag now the whole analysis together, we have 






I'Otassium sulphate 




t 


Sodium sulphate 




Sodium chloride 




2-00 


Calcium sulphate . 
Calcium caiiionate 




300 




11*00 


Magnesium carl>onate . 




2*10 


Ferric oxide .... 




•05 


Silica ... 




•20 


Organic an<l volatile matter . 




•45 




Ti»tal roidue 


20'ia 



CHAPTER IX. 



ULTIMATE ORGANIC ANALYSIS. 

This process consists in estimating the amount of each elcinent pment in 
any urganic compound, as di»linguishcd (rum pTOximatc analyiis, which 
(.■siinutcs tht amounts of the rom|)ouniis ihemsclvcs. 

I. LIST OF APPA&AT0S REttTriRED. 

I. A rombuttion funiacc, which it a scries of Bunsen bumen arranged 
in a frame su as to gradually laisc a tube placed over them to a 
rcfl heat. I'hc tube lies in a bed made of a >cric« of tire-bridu, 
which confine the heat and make il play all round the tube (lee 
fig- 37) 

1. Combustion tubes made nf hard glass, not softenii>g at ■ red heu. 
These tubes arc- clowrd at one end by drawing out before tbe 



ZZ~lS 





li;.i»j,i]<> and turning i:|>. The mode of doing this ii tlhWilted 
m fig. JS. 
.1- U lubes )>acl.(-il with |>crfcctly dn- calcium chloride in UBtll 
frajimi-nt*. lo a* to all.iw the frtc lasMge of gaset (iUvttmicd 
in (i>; 3^1, and hereafter referred lo (or brevity a* "CaQ, 

4. Bulbs charged with strong solution of jiotassium hydrate (i in l), 
hereafter for brtuty n-fened to as ■• KHO bulba." Two 
common forms of such bulbs art illustraled in fig. 4a 
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5. Bulbi for absorbing ammonia and intended to be charged with 

dilute add of knoim strength, jmd hereafter referred to as 
"nitrogen bulbs" for brevity. Two common forms of such 
bulbs are illustrated in fig. 41. 

6. Graduated tabes closed at one end to hold 50 cc, and graduated 

from the closed end downwards in j'^ths of a c.c, used for 
collecting gases and measuring them after cullection, hereafter 
referred to as " gas collecting tubes " for brevity (fig. 43). 

7. A deep cylindrical vessel of glass filled with water and fumished 

with a thermometer dipping in the water. The whole 
niificiently high to permit of the entire immersion of the gas 
measuring tubes, and wide enough at the top to admit the 
hand, as shown in iig. 43. This is hereafter called the 
" measuring trough " for brevity. 
S. Glass towers, filled in one limb with fragments of CaCI. to absorb 
moisture, and in the other with ^gmcnts of soda lime to 




absorb carbon dioxide. These are illustrated in fi^. 44, and are 
used for freeing any air which may be caused to \a>,\ ihrou>ih 
[hem from moisture and CO.; hereaflcr called "air |iiirifying 
lowers '' for brevity. 

n. BSTDUTION OF CAKBOH AHD HTDROOEH. 
Thit process is performod by heating a vrnghed quantity of the substance m 
a tube with some body readily jiarting with oxygen at a red heat, such .-is 
cnpiic oxide or plumbic chromate, by which the hydrogen and carbon of the 
orpnk body are respectively oxidised into water and rartmnic anhydride. 
These products arc passed first throU){h a previously weighed tube containing 
cakium chloride, which retains the wjicr. and then through a bulb apparatus 
containing potassium hydrate, which absorlrs the carlwnir anhydride and has 
■kobecn previously wei^he^l. After the experiment is finished, the mcre.ise 
ia weight of the tubes is cakubted thus :— 

As H,0 : llj : : increase in CaCL tulw : x. 
As CO. : C : ; inrnasc in KHO "bulbs : x. 
The details of the actual jirocess are as follows : — 
Capcic oiide is prepared by heating cupric nitrate to bright retlness in a 
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crucible ; it is reduced to powder while still warm, and preserved in a well- 
stoppered bottle. A combustion tube is procured, having a bore of about 
half an inch and a length of fifteen to eighteen inches. Sufficient cupric 
oxide to fill it is measured out, heated in a hard glass flask to expel any 
moisture (as it is very hygroscopic), well corked, and allowed to cool About 
4 decigrammes of gently fused and cooled potassium chlorate is first dropped 
mto the combustion tube, and then when cold a little oxide is introduced. 
About *4 gramme of the organic substance having been weighed out, it is rubbed 
up in a warm mortar with enough cupric oxide to half 611 the tube, and the mix* 
ture is (]uickly transferred to that apparatus ; sufficient cupric oxide to nearly 
fill the tube is then introduced, and lastly a loose plug of asbestos is inserted to 
keep all in place. To this chargeii tube is then attached by means of a good 
cork a previously weighed ** CaCl, tube,** and to this is in turn fixed by as 
indiarubber joint a set of •* KHO bulbs " also pro'iously weighed. The tube 
is now placed in the furnace, the glass attachments supported outside of it by 
appropriate stands, and made perfectly air-tight. Heat is now applied to the 
front portion of the tube by lighting the first five or six burners, and when 
tha! part is (]uitc red-hot the next burner is tiuned on. The heat is thus 
ap[>lied gradually, taking care that it is so regulated as to produce a regular 
slow passage of the evolved gases, so that the bubbles may be distinctly 
counted as they pass through the ** KHO bulbs.** When the whole tube is 
heated from end to end the )>otassium chlorate at the back gives off a little 
oxygen, which sweeps the last tracts of moisture and carbonic anhydride into 
the bulbs, which are then detached, weighed, and the increase in weight of 
each noted. 

Weight of »ugar takcti '475 gramme 

Potash bulb* af^er comlMs<a ion weighed 79* 113 giammci. 

,, ,, l*forc ., ,, ... 78382 ,, 

I >ificf ence. tlue to CO, • . 731 

Calcium chloritie tulie after comliuttion weighed 23'<^$ grammes, 

f* l>efofc .. ,. 23*33^' .. 

I>t6retefu:e. due to Ii/> '275 „ 

Tola! %ugar taken ...... 475 

Total C and II ftjutwi ... '22996 

I difference, due to ot) gen '24504 

< >r. in i^fcentJige- t Jirloti ... . 4I 98 

llT<!r««gen , ... ^43 
<>»)i.-^«» S ' 59 

10000 



When the organic matter is a liquid, it is introduced into a small drawii-oiit 
tuhc pre%"iouvl> tared . the cn<I \s hermetically sejled by the blowpipe and Uie 
whole a^am wcighcnJ, thus uhtaining the weight ui the li<]uid. A little oxide 
ha\tng leen nr^t f)ut into the coinbu.stion tube, the sealed one is dropped in. 
Its end broken by a wire, and the whole of the rest of the oxide poured in* 
The heat i^ applied till six or seven inches of CuO are bri^jht red, and then 
the burner underneath the sj>ot where the tul»c with the liquid lies n 
cautiously turned on, v) as to vobtiliM: the va|K)r ami cause it to pass over 
the red-hot cuprir oxide and so suffer combustion. Fats and other bodies 
which cannot be mixed with the oxide arc weighed in a small platinum bosl, 
which is dropped in and treated like the tube of bquid already referred to. 
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BpadAl Wotes to the Foregoiiig ProoeM. 

(m) Substances containing sulphur, phosphorus, arsenic, chlorine, or any 
halogen, are best mixed with fused and powdered plumbic chromatc 
inslttid of cupric oxide, so as to avoid the formation of volatile cupric 
compounds. 

(i) When the substance also contains nitrogen, the front part of the 
combustion tube must be plugged with a roll of bright cop|)er gauze 
about 4 inches long instead of the asbestos. This is to reduce any 
oxide of nitrogen, which if allowed to ))ass into the potash would l>e 
absorbed and count as carbon dioxide. The copper, however, takes 
the oxygen, and only leaves nitrogen, which passes unabsorbed. 

{c) Very refractory bodies should be burned in a current of air or of 
oxygen carefully deprived of any moisture or carbon dioxide by causing 
it to pass through '* purifying towers " (see page 151) before entering 
the tube. 



m. ESTDCATIOH OF 

The attimation of nitrogen in all compounds, not being nitrites or nitrates, 
ii conducted as follows : — 

(#» The Method of Tarrentrapp and Will This depends for its success 
on the Csurt that when nitrogenous substances are strongly heated with todiom 
hydiate, they are decomposed, forming a carbonate and oxide with the oxygen 
limn the hydroxyl, and liberating hydrogen, which then combines with the 
nitrogen to form ammonia. 

So as to prevent fusion of the glass tubes employed, solution of sodium 
hydrate is evaporate<l to dryness with calcium oxide, and the resulting mixture, 
known as aoda-lime, is heated to redness and preserved for use. 

About '5 gramme of the jHrrfectly dry nitrogenous substance is mixed 
tn a warm wedgwood mortar, with sufficient soda-lime to fill about three- 
quarters of a combustion tube. The mortar is rinsed with a little more 
soda*lime, and the rinsings also put into the combustion tube. .More soda-lime 
is then put into the tube, until it is filled to within two inches of its ofK^n end, 
and then an inch of asbestos in shreds fxacked loosely in front of all, so as to 
prevent the passai^e of fragments of lime along with the evolved gases. .\ 
set of •* nitrogen bull>s,*' conuining a little tolerably strong hydrochloric acid, 
IS adapted to the mouth of the combustion tul>e by means ot a well fitting 
cork, and the tube is placed in the combustion furnace, so that the bulbs and 
about an inch of the tul>e project outside. .\ few front burners having Inrcn 
lighted, and the free i»art of the tube having become red-hot. the heat is 
gradually applied until the whole of it has lK*en heated to bright redncN^. 
When this jKnnt is attained, and bubbles of j;as cease t(» pass through the acid 
in the bulbs, the end of the tube is broken off. and some air sue ked through 
the apiaratus by means of a siuall tube attached to the outer en<I of the Iiu1!)s. 
The contents of the bull)S are then tran>ferrLd into a small basin, the bull'> 
washed out into it. first !>v means of a little alcohol, and afterwanls reiKratedlv 
with distilled water. An e\ccs> of j»latinic chloriile is then added, the whole 
evaporated to dryness in a water Iwth, and the |»re<ipitate, having been 
moistened with a little alcohol, is washed on to a m'ei;.;hed filter. The washin:^ 
with alcohol is continued until it parses colorless, and the precipitate is drivU 
at 113' and weighed. The v\euht of the niter ha\m^ lieen deduited, tiie 
balance is PtCl4^Nil4Cl)2. which is then calculated to N^. 
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A more simple plan, adapted to the estimation of nitrofea ill BftBirat aad 
other oommereiml produeU, may be thus followed out : — 

The ammonia is received into 20 c.c. of semi-normal volumetric solution of 
oxalic or sulphuric acid, which is placed in the bulb apparatus. The ammonia 
which passes into the bulbs during the combustion neutralises a portion of 
this acid, and at the conclusion of the operation the amount of add still 
remaining free is ascertained by means of a corresponding normal volumetric 
solution of sodium hydrate (see Volumetric Analysis, p. 112). The difference 
between the amount of acid originally placed in the bulbs and that remaining 
free, as thus ascertained, evidently corresponds to the amount of sulphuric add 
neutralised by the ammonia produced during the combustion. The strength 
of the acid being known, a simple calculation enables us to ascertain the 
amount of the nitrogen evolved in the form of ammonia* 

{b) The Process of Ihunas. 'lliis consists in measuring the amount of pure 
nitrogen evolved, and is suitable for certain organic bases and for compounds 
containing nitrosyl (NO) or nitr}'l (NOj), in which the soda-lime fails to con- 
vert all the nitrogen into ammonia. 

'l^hc combustion tube (which tp this case is twenty-six to twenty-eight inches 
long) is {lacked 1 1) with six inches of dry sodium hydrogen carbonate ; (2) 
with a little pure cupric oxide ; (3) with the weighed substance mixed with 
CuO ; (4> with more pure CuO ; and lastly with a considerable length of pure 
si)ongy metallic copi>cr ; and the whole is closed by a good cork through which 
passes a lK*nt dcli\cr>' tulie dipping under the surface of mercury in a small 
pneumatic trough. Heat is first applied to the very end portion of the 
NaH(X), until sufficient COj has been given off to entirely drive all the air 
out of the apparatus, which is ascertained by collecting a little of the gas 
passing off and seeing that it is entirely absorbed by solution of potattstum 
hydrate. K graduated ** gas collecting tube *' is then filled, one-third with 
strong solution ot KHO, and the remainder with mercury, and carefully 
inverted into the mercury trough so that no air is admitted, and placed over 
the mouth of the deliver)* tube. (Combustion is now commenced at the front 
of the tube and gradually carried backwards as usual. The gases evolved are 
CO. and N, the former of which is absorbed by the KHO and the Utter 
collects in the graduated jar. When the heat reaches the back of the tube 
the remainder of the NallCO; is decomposed, and the carbonic anhydride 
given ort chases any trace of nitrogen out of the tube. The collecting tube 
is then closeti by a small cup itmtainmg men ur)*, and transferred to the 
•* measuring trough/' ami entirely nnmersc<l therein, .\fter leaving it until its 
contents have acquired the temiK-raiure of the water, a is raised so that the 
level of the water inside and outside the tube i:» e()ual. and the volume is read 
off. The temf)eraiure and pressure l>eing noted, the weight of the nitrogen ts 
obtained by the s}>ecies of calculation already described at page loi. 

(r) l^eldahl's Proeess. 1*t.is method is rapidly su()erseding comboilioflu 
being almost universally emi)loyed m (k*rmany. It is as follows : — 

The subsunce, whether solid or li<juid— -and. if solid, it need not even be 
powdered — is weighed or measured into a small tlask, in which the suboeqilClit 
treatment is executed. In the ( ase of substances containing about 10 per 
cent, of nitrogen, about 01 to 02 gnu. are sutt>4 icnt ; if less is present* up 
to I grm. nuy Ive taken. Ten c.c. of strong sul{»huric a< id, known to be 
free from aminonu, are now introduc ed by means of a pipette, the flisk, 
in an inclinctl {^nition, placed u{¥>n wire gnu/e over a gas flame, and the 
contents heated for one or two hours to near the boiling {>oint of the 
which may be known from the occasional slight bumping. If the 
retain their nitrogen very tenaciously, such as quinine, morphine, etc^ a Httle 
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timing tulphuric or anhydrous phosphoric acid may be added to the contents 
of the flask in the beginning. When the action of the acid is completed, 
which Ufoally results in a solution of the solid, the flame is removed, and a 
fine ^pniy of finely powdered permanganate of potassium, contained in a tube 
doted with a fine wire gauze and inserted in the neck of the flask, is made to 
nin down upon the acid in the flask until the latter assumes a green color. 
This step is only, however, necessary when the substance is s|)ecially difficult 
to Qxidise* most ordinary bodies being sufhciendy attacked by fuming sul- 
phuric acuL The flask is then cooled, the contents diluted with water, 
40 cc« of a solution containing 35 per cent, of rochelle salt and 30 )>cr 
cent of sodium hydrate are added, and the flask immediately connected with 
and its contents distilled into a well -cooled condenser, provided with a 
receiver containing standard volumetric acid. If the original flask is too 
smail* the contents may be transferred to another, water being used in |>ortions 
to wash the original flask carefully. The estimation of the amnu)nia, by 
finding the amount of unsaturated acid, is conducted by volumetric Noda, 
as already described in the soda-lime combustion. The ammonia found is 
calcubted to nitrogen. Any substance likely to give off nitrous fumes should 
be first mixed with twice its weight of sugar. Nitrates require dilutii)n with 
three times their bulk of benzoic acid. The rochelle salt takes no part in 
the reaction, but is a device to prevent bumping. 

IV. ESTUATIOH OF CHLORIHE. 

Chlorine is estimated by combustion of the substance in a tube filled with 
ptire calcium oxide, when it displaces oxygen and turns part of the oxide into 
soluble calcium chloride. After < ombustion the contents of the tube are 
<ligested in water, filtered, excess of argentic nitrate added, and the pre( ipitate 
washed, dried, and weighed, as already directed (see Gravimetric Kstiniation 
of Chlorine, p. 141). 

T. E8TIKATI0W OF SULPHVE, PHOSPHORUS AHB ABSEHIC. 

Sulphur, phosphorus and arsenic, are estimate<l by fusing in a silver crucible, 
with twelve times the bulk of pure i>otassium nitrate, a httle mixed carbonate 
and nitrate being first put into the crucible, heated to fusion, and the mixture 
added a little at a time, waiting between the additions till action ceases. 
After fusion the sulphur and phobpiiorus, which have been converted into 
sulphuric and phosphoric acids res))ectively, are estimatc*d by dissolving the 
residue in water and proceeding by preci[)itation as barium sulphate and 
magnesium ammonium phosphate respectively. (See (Gravimetric Kstimation 
of Sulphuric and Phosphoric Acids. ) 
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CHAPTER X. 

THE ANALYSIS OF WATER, AIR, AND FOOD. 



DIVISIOH I THE SAVITART AVALT8I8 OF WATER. 

In the fi>llowing instructions, the lines laid down by the Water Committee 
of the Society of Public Analysts (of which the author was a member) have 
been followed. 

1. CoUeetiim of the Sample. 

This is to be taken in a clean stoppered ** Winchester quart '* bottle, 
prevtouhly entirely tilled with the water, and emptied before finally filling up 
and introducing the stopper, 'llie sample should be kept dark, and analysed 
with as little delay as ix>s$ible. 

2. Color. 

l*his is to be taken by looking at a column of water in a coloriess gjaas 
tube 2 feet long, and held over white |ia(>er. 'llie presence of a giecoisb- 
yellow color is an advA^se indication. 

S. Odor. 

An 8<ounce wide-mouthed stoppered bottle, free from odor, is half fiOcd 
with the water, warmed in the water bath to too' Fahr., shaken, and then the 
stopi)er is removed and the odor instantly noted. Peaty waters, and tboee 
containing marked amounts of sewage, can frc(}ucntly be thus detected by 
a practised no^»e. 

4. Total Solid Residue. 

Heat a platinum losin of .il>out 130 c.r. capacity to redness, cool it ttodcr 
the desiccator and weigh. Introduce too c.c. of the water, and erapormte 
over a low gas tlame until re« lured to about 10 c.c. ; then place it on the 
mater bath till tlrv. Kinallv. heat it in the air bath at 220 Fahr. until it 
ceases to lo*e weight, co*»l under the dcsm ator, and weigh. Ha%'ing deducted 
the t.ire of the Ini^m. the ditTcreiice m nnlh^rammcs x 10 -total residue I 
part> \^^ ni: loR. nr tlic '^aine - 7 -> ic = gTams per gallon. Example: — 
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The r«.sitluc shouUl now be gradually heated to rednevs. and the 
or^^anic nutter carefully looked tor as mdicated by charring ; 
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nature of the tame, by whether the odor on burning is purely carbonaceous 
(like burning sugar) or nitrogenous (like burning hair). This latter is an 
espedaUy unfavorable indication. 

5. Chlorine. 

S§lMtUn$ rtqmirtd : — 

(«) 47SQ grammes fmrt ciystallUctl argentic nitrate, dU^oWed in looo ex. uf (ii»- 
tiflefl water. Each c.c. of this Mjlution^^-ooi {on* miUif^rammt\ of chlorine. 

{b) 5 grammes pocassium chromate disiujlved in 100 c.c. distilled water, ami a meak 
solution of argentic nitrate dmp{)ed in until a slight permanent re<l precipitate 
is produced, which is allowe<l to settle in the IxHtle. 

Frocess, — Put 100 cc. of the water into a white basin, add a few drops of 
the chromate solution, and titrate with the silver solution from a burette, 
graduated in ^ of cc, until a faint permanent change of color is produced, 
as already described (Chap. VII. p. 113). Note the number of c.c. used, 
mnkiply by 10, and the result will be chlorine in milligrammes i)er litre (or 
pans per million), or multiply by 7 and divide by 10, which will give grains 
per gallon (or parts per 70,000). The water itself must be i)erfectly neutral ; 
if acid it must be first shaken with a little pure precipitated chalk. 

6. Phoiphorie Add. 

One |»rt pure molyhdic acid is dissiolvc*! in 4 i>arts ammonia, %\y gr. 960. Thi-* 

solution, after filtration, is poured with cimstant stirring into 15 part^ of nitric c' 

acid of rio sp. gr. It shouhl l>e kept in the dark and carefully dccantdl from 

any precipitate which nuy form. ' 

Pnpcfss. — The ignited total residue, obtained as directed in No. 4, is to ' 

be treated with a few drops of nitric acid, and the silica rendered insoluble 
by evaporation to dryness. The residue is then taken up with a few dro[)s of 
dilute nitric acid, some water is added, and the solution is filtered through 
a filter previously washed with dilute nitric acid. The filtrate, which should 
measure 3 c.c. (or say 50 grains), is mixed with 3 c.c. of molyhdic solution, 
gently warmed, and set aside for tifteen minutes at a temperature oi 80 Fahr. 
The result is reported as " traces,** *• heavy traces," or •* very heavy traces,** 
when a color, turbidity, or definite precipitate are respectively produced, 
after standing for fifteen miuutes. 

7. Hitrogen in Hitratet. 

(a) Crum Process. —This is the best process where a nitrometer is available. 
250 c.c of the water must be eva|)orate<l to a small bulk, the < hlorine pre- 
cipitated with saturated solution of argentic sulphate, filtered, and the filtrate 
concentrated in a basin to 2 c.c. .\ nitrometer is charge* 1 with nicrv ury, and 
the thrce-wav stojx^ock t l(»sed. l)oth to measuring tube and waste pii>e. The 
concentrated filtrate is pxmred into the cup at the top of the measuring tulnr, 
and the vessel whi( h contained it rinsed with i c.c. of water, and the contents 
added. The sto|)co< k is oj)ened to the mexsuring tube, and, by lowering 
the pressure tul>e. the litfuid is sucked out of the 1 up into the tul>e. The 
basin is again rinsed with 5 c.c. of pure strong sulphuric acid, and this is also 
transferreil to the cup and sucked into the measuring tube. The sto{»cock 
is once more closed, and \2 ex. more sulphuric acid put into the tup, and 
the 5loi«-o< k o|»encd to the measuring tube until 10 c.r. of .icid have [asse<l 
in. 'I he c\< es> of a<id is discharge*!, and the cup and waste \y\\ft rinsed with 
water. .\ny gas which has collected in the measuring tulie is e.\))elled by 
o)>cning the stoit o<.k and raising the [pressure tube, taking care no liquid 
eacapes. The sto(K:ock is closed, the measuring tube taken from its clamp 
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and shaken by bringing it slowly to a nearly horizontal position and then 
suddenly raising it to a vertical one. This shaking is continued until no more 
gas is given off, the operation being, as a rule, quite complete in fifteen 
minutes. Now prepare a mixture of one part of water with five parts of 
sulphuric acid, and let it stand to cool. After an hour, pour enough of this 
mixture into the pressure tul)e to e<iual the length of the column of acidulated 
water in the working tube, bring the two tubes side by side, raise or lower 
the ()rcssure tube until the mercury is at the same level in both tubes, and 
read off the volume of the nitric oxide. This volume expressed in cc.*s 
and corrected to normal temperature and pressure gives, when multiplied by 
•175, the nitrogen in nitrates, in prains p<r f^allon, if 250 c.c of the water 
have been used, .\ccording to some authorities the precipitation of the 
chlorides is not necessary. 

(b) CopprrZinc Process. — This must be carried out as follows: — A wet 
cop|)er-zinc couple is pre[>ared by taking a piece of clean zinc foil, about 
3 in. by 2 in., and immersing it in a solution of copper sulphate, containing 
about 3 per cent, of the pure cr>*stallised salt. A copious and firmly adherent 
coating of black copper is s|K^ily deposited upon the surface of the zinc, 
which must be allowed to remain in the solution until the deposit is thick 
enough, but not for too long a time, or it will become pulverulent and not 
adhere tirmly to the zinc, -three or four minutes will generally be sufficient 

The zinc coated mnth copper must then be removed from the solution, which 
may be tx)ttlcd for subsequent use, and the couple thoroughly washed first 
with distilled water, and finally with the water to be analysed* in order that 
this may rcplac c the adhering distilled water. It is then put into a clean 6 
or S-ounc e wide-mouth stop[>ered glass bottle, and co\'ered with 100 ex. of the 
water to be analysed. If the water be very soft a small addition, say one part 
per 1000. of sodium < hloride, will accelerate the reaction. The stopper must 
then be inserted m the bottle and the water allowed to remain overnight in % 
warm (>la( e. If still greater s[>eed l>e necessary the temperature may be raised 
to 90 or 100 F. (32 or 38 C). With hanl water it is preferable to add a 
small <]uantity of pure oxalic acid to prc( ipitate the lime and quicken the 
reaction. When the reduction is complete the fluid contents of the bottle are 
to l>e traii>fcrred to a retort with 200 c.c. of ammonia-free distilled water, and 
the retort h.ivin^ l)een attached to a condenser, the rontents are distilled till 
the di^tlilatc which comes over gives no color with ** Nessler." The distillate 
is then ** nes<»lerise<l," as already describeil (Chapter VII.. |age 125^, and the 
number of milligrammes of NIIj found are calculated to N ( x 14 -f> 17), and 
then the resulting milligrammes of N x 7 -^ 10 = grains (ler gallon, or x 10 
only = |>arts [K*r million. 

8. Ammonia and AHmminoid Ammonia. 

Tr ese twfi indnaiions are successively taken on the same (]uantity of water* 
The fonner is an estimation o\ the ammonia present in the water in the form 
of ammonium >alts or >miilar (om(K>unds readily decom|x>sed by a wCAk 
alkali, while the latter shows the ammonia derived from the decompositiOQ of 
nitrogenous organic matter under the joint inriuence of an oxidising agcot 
(KMnO,) and a hydratm,^ a^ent <KHO). and is therefore a measure of the 
nitrogenous, ami lonse^juently presumably dangerous, organic matters con- 
tained in the water uniier examination. 

The solutions and ap{jaratus re'iuireti are : — 

I>.%«.>!%r 2<^ |«art» uf }«^Auiuin hT«!rate and 2» \mx\% oi fnut 
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mangaiuite in 1200 parts of ilistillrd water, ant] U>il the M)Iiitu>n rapiiiiy till 
conccntratctl tu 1000 partst. cool, and ketrp in a well stoppereil Uittlc 

(r) IHUiUtd Xs.'Ottr whiik is free f rem Ammonia. 

IMstiUed water which give^ no reaction with Nessler test i« pure cnnu^h Hut. if 
this is not a%*ailal)le, take the purest (ii^tilletl water pr«icural>lc, ail'l pure i^nitef! 
•odtum carlxjnate in the pro}>ortion of 1 }>art |>er icoo, an<l boil l»ri^kly until 
at least one-fourth hax l^een evn})oratcf]. 

(■/) A 40-ounce fttopperetl retort with a neck .-«maU enou;*h to pa^s !i).>«cly inin the 
internal tul>c of a Liehi^^'s condenser to the extent of 6 inches <•<« illu<^tratton 
Chapter I. jMige 4). The joint Inrtwcen the retort and condenser u nude by 
an ordinary indiarubl)er ring ^uch a.s thiise U!«etl for the top% of uiut>rflla«— 
which has lieen previously soaked in a dilute solution of mnIj or |i«>tasli liein^ 
stretched over the retort tul>e in such a }M»Mtion that when the rcttfrt tulie i% 
inserted in the condenser it shall Ht fairly tightly within the mouth of tlic tul>e 
alwut half an inch from the cml. 

{t) All the materialik for ** Nes<^lerisin^ " (<ee Chapter VII. pa^^e 125). 

The process is as follov^'s : — 

{a) For free ammonia, — First test a little of the water m'ith tincture of 
cochineal, to see if it shows an alkaline reaction. Put 500 c.c. of distilled 
water into the retort and distil until 50 c.c. of the distillate gives no color 
vith \\ C.C. of Nessler, thus rendering the whole apiuiratus ** ammonia-free. " 
Let the whole cool, pour out the distilled water (which may be saved for 
ammonia-free water), put in 500 c.c of the water to be analysed, and if it had 
not an alkaline reaction make it alkaline with a drop or two of the so<lium rar 
booate solution. l*he distillation should then l)e commenced, and not less 
than too c.c. distilled over. The receiver should fit closely, but not air-tight, 
on to the condenser. l*he distillation should be conducted as rapidly as is 
compatible with a certainty that no spurting takes ])lace. After 100 « .c. have 
been distilled over, the receiver should be changed, that containing the distil- 
late being stoppered to preserve it from access of ammoniacal fumes. 100 c.c. 
measuring flasks make convenient receivers. The distillation must be con- 
tinued until 50 c.c. more are distilled over ; and this seiond {M)r(i()n of the 
distillate must be tested m'ith Nesslcr's reagent to ascertain if it contains any 
ammonia. If it does not, the distillation for free ammonia mav l>e disc on- 
tinued, and this last distillate rejected ; but, if it does contain any, the distilla- 
tion must be continued still longer, until a |K)rtion of 50 c.c, or say 700 
grains, when collected, shows no coloration with the Nessler test. The wh«de 
of the distillates must be nesslerised in the usu.il manner, and the total 
number of milligrammes of ammonia found having been added to^rtht-r .ire 
multiplied by 2, which gives milligrammes ikt litre (p.irls |)er million). This 
number in turn multiplied by 7 and divided by 100 gives grains per gallon of 
fret ammonia, 

{b\ For albuminoid ammonia. — .Xs soon as the distillation above referred to 
has been started. 5c c.c of the alkaline ]>ota>sium {»ermanganate solution are 
placed in a flask with 150 cc of distilled water and tH)i]ecl gently during the 
whole time that the free ammonia is distilling, addim: some ammonia-free 
water if necessar)' to prevent too much concentration. The object of this is lc» 
insure the entire evolution of any trace of ammonia present in the alkaline 
permanganate, thus avoiding a < heck anal\ ni^. as usually recHmimended. When 
the distillation of the free ammonia is complete, take out the stop]ier of the 
retort and |Miur in this Ujiled alkaline |>ermangan.'ite l>y me.ins of a ]>erfectly 
clean funnel with a loni; limb. Now replace the stop|»er .ind continue the 
distillation, when the albuminoid ammonia will tK*gin to come over, .\fter 
300 c.c. have l>ecn distilled change the receiver and lake off so c r. at a lime, 
as already desi rilnrd, until the la>l 50 co^le^ over ammonia free .Mix ihe 
distilbtes, nessleriite and calculate ar» for the free ammonia, noting the total 
result as albuminoid ammonia in parts ]>er million or grains per gallon, (ireat 
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care must be taken that no ammonia is kept in the room devoted to water 
analysis, and that all receivers used are first insured to be perfectly ammonia- 
free by proper rinsing with ammonia-free water and testing with Nessler. 

9. Oxygen required to oxidise the Organic Matter. 

Solutions required : — 

(a) Standard solution of Potassium permanganate. 

Dissolve '395 parts of pure potassium permanganate in looo of water. Each cc. 
contains *ocx>i gramme available oxygen. 
ip) Potassium Iodide solution. 

One part of the pure salt recrystallised from alcohol, dissolved in lo parts distilled 
water. 
(r) Dilute Sulphuric acid. 

One part by volume of pure sulphuric acid is mixed with three parts by volume of 
distilled water, and solution of potassium permanganate dropped in until the 
whole retains a very faint pink tint, after warming to 80* F. for four hours. 
id) Sodium hyposulphite — 

One part of crystallised sodium hyposulphite dissolved in locx) parts of water. 
ie) Starch water. 

One part of starch to be intimately mixed with 500 parts of cold water, and the 
whole briskly boiled for five minutes, and filtered, or allowed to settle. 

The Process. — Two separate determinations have to be made : viz., the 
amount of oxygen absorbed during 15 minutes, and that absorbed during four 
hours ; both are to be made at a temperature of 80° F. It is most convenient 
to maike these determinations in 12-oz. stoppered bottles, which have been 
rinsed with sulphuric acid and then with water. Put 250 cc. of the water 
into each bottle, which must be stoppered and immersed in a water bath 
until the temperature rises to Sc* F. Now add to each bottle 10 cc. of the 
dilute sulphuric acid, and then 10 cc. of the standard potassium perman- 
ganate solution. Fifteen minutes after the addition of the potassium perman- 
ganate, one of the bottles must be removed from the bath and two or three 
drops of the solution of potassium iodide added to remove the pink color. 
After thorough admixture, run from a burette the standard solution of sodium 
hyposulphite, until the yellow color is nearly destroyed, then add a few drops 
of starch water, and continue the addition of the hyposulphite until the blue 
color is just discharged. If the titration has been properly conducted, the 
addition of one drop of potassium permanganate solution will restore the blue 
color. At the end of four hours remove the other bottle, add potassium 
iodide, and titrate with sodium hyposulphite as just described. Should the 
pink color of the water in the bottle diminish rapidly during the four hours, 
further measured quantities of the standard solution of potassium perman- 
ganate must be added from time to time so as to keep it markedly pink. The 
hyposulphite solution must be standardised, not only at first, but (since it is 
liable to change) from time to time in the following way : — To 250 cc of pure 
redistilled water add two or three drops of the solution of potassium iodide, 
and then 10 cc of the standard solution of potassium permanganate. Titrate 
with the hyposulphite solution as above described. The quantity used will be 
the amount of hyposulphite solution corresponding to 10 cc of the standard 
potassium permanganate solution, and therefore representing i milligramme of 
oxygen consumed. The difference between the number of cc. of hyposulphite 
used in the blank experiment and that used in the titration of the samples of 
water multiplied by the amount of available oxygen contained in the perman- 
ganate added (= i milligramme if 10 cc have been used), and the product 
divided by the number of cc of hyposulphite corresponding to the latter as 
found by the check experiment, is equal to the amount of oxygen absorbed 
by the water. 
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Finalljy the amount in milligrammes of oxygen absorbed thus found is 
OHiltipUcd by 4 for parts per million, and that result x 7 and -f- 100 = grains 
per gdloiL 

10. dark's Ptocets for Hardness. Total hrfort boiling and permanent 

afttr boiling. Solutions, etc., re«iuired 

(«r) StttmJard iolutioH of Caliium iklorUt. 

liLMolve 8 <leci^Tamme> of pure cr>'stalli:icil calc>%par in dilute hytlruchluric acid 
in a platinum dish, adding; the acid ^^railually, and taking precautions to 
prevent loss l)y spurting. When all ij» diHM>lvetl, eva}x>ratc i«* dryneNS in 
a w'ater bath, ad<l a little di!»tilled water and again evapi»rate to dryne^n. 
Repeat several times to insure the expulsicm uf all the acitl. Lastly, disM>Ive 
in water and make ut> to 700 c.c. For use. <lilute to 10 times it4 volume : 
the reAult will be standard water of ^ ofkiirdmss. Or, instead of making the 
itolution thus, dissolve '1 376 gramme pure crystallised ^elenite in 700 cc 
water, and that will 1)C the standard t^Hitrr of)y of hardness. 

(A) Stand jord Saafi solntiom. 

Take 15 grammes lead plaster i^Emf^lastrum Plumbic H.r. ), rub in a mortar with 4 
grammes dry pcjtassium carbonate ; when fairly mixed adtl 660 c.c. of rectified 
methylated spirit, nib well, and after a time filter. To the filtrate .idd 
440 c.c. of recently lioiletl distilleil water, and mix. Now place 100 cc. of 
the standard water (a) in an 8-uunce wide*mouthe<l stop|>ere<t Ixtttle. and ad<l 
from a burette the standard soap I cc. at a time. After each addition, shake 
the l»ottle vigorously for alx)ut a t}uarter of a minute. As sr>un as a lather 
is nnxluced, lay the Ix^ttle on it^ side after each a<ldition. and ol>scrve if the 
bther remains permanent for five minutes. T«» ascertain this, at the end of 
6ve minutes roll the Untie half-way round ; if the lather breaks insteail of 
covering the whole surface of the water, it is not }>ermanent ; if it still covert 
the whole surface, it is }H;rmanent : nou read the burette. Kei>eat the 
ex})eriment, adding the full •quantity itf s«)ap .solution employol tii the first 
exi>eriment. less al)out 2 c.c. ; shake as Itefore, add soap s.)lution very 
gradually till the |>ermanenl lather is forme<l, and note the numlnrr of c c. of 
soap use<l. If this be exactly 18 c.c. then the s<>ap is correct, but \\ lest, 
then It must l>e tiiluteil with pr«M»f spirit until icx>c.c. of standard water 
exactly takes 18 c.c. of soap. This metho*! uf dilution hxs lieen already 
•liscusseil un<ler Volumetric .\nalysis in <'hapter VII. see Mannfa<furf »■/ 
Soiia So/ntion^ page 112). 

TIm Froeess. — {a) For tot'il hardmss. Put looc.r. of the water into the 
lioCtle and add the soap from a burette exactly as above <lest'ribed ; note the 
number of cc. of soap used, and refer to the following table . — 

O . . . o w lo 

I -»w 1\ 

2 . 54' ^3 

3 • 7 7- • ^ 

4 . «iO . . .21 

V I20 . . .20 

6' . . . 140 . 2.0 

7 . 100 . . . 2X> 

5 . . . . iSo 

n»l *•» «»n. .if'ter this pi-.n: c.uh 2 k. w. "f N-apuscd n-j-re-ontin^ I .vMuiona! decree of )iai.lnc«*. 
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fixamfii ttf ih^ru' tu*' •■/ /";/. .'•///.•. .^^uppi-r N» c "f " •.;;• '-i h.i\c l>ccii u-»c 1, \%hKh ♦."im-'* 

-•• 
between 77 and 9v« t^«^" 8 — 77 - 7 ; atvl ' - 3 ; ; \:,<\\ ^} -»- ; i hh ' »-""e«.i Ic- 

mm I 

fjrre uf har*ii.cs«. 

If magneikium salts are present in the water the charaiter of the lather will 
fie vcr}' mu< h inoiiined, and a kind of scinn (>iiuiilatin;; a lather) will be seen 
ta the water before the reaction is coinpleted. The character of this scum 

II 
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roust be carefully watched, and the soap test added more carefully, with an 
increased amount of shaking between each addition. With this precaution 
it will be comparatively easy to distinguish the point when the false lather 
due to the magnesium salt ceases, and the true {)ersistent lather is produced. 
If the water is of more than i6^ of hardness, mix 50C.C. of the sample with 
an etiual volume of recently lK)iied distilled water, which has been ccK>led in 
a closed vessel, and make the determination on this mixture of the sample 
and distilled water. In this case it will of course be necessar)' to multiply 
the figures obtained from the table by 2. 

{b) For permanent hardness. To determine the hardness after boiling, boil 
a measured (luantity of the water in a flask briskly for half an hour, adding 
distilled water from time to time to make up for loss by evaporation. It is 
not desirable to boil the water under a vertical condenser, as the dissolved 
carbonic acid is not so freely liberated. .\t the end of half an hour, allow the 
water to cool, the mouth of the flask being closed ; make the water up to its 
origmal volume with recently boiled distilled water, and, if possible, decant 
the (juantity neccssar)- for testing. If this cannot be done (juite clear, 
it must be filtered. Conduct the test in the same manner as described 
above. 

The hardness Ls to be returned in each case to the nearest half-degree. 

IL Judging the Easnlts. 

No defmite rule can be bid down for judging all the results on cme 
uniform scale, l>ecause the analyst must have special information as to the 
locality, nature of the soil, or depth of the well, before giving a reliable 
opinion. For example, nitrates, which have in river and shallow surCux 
waters the highest significance, as indicating the presence of previous sewage 
contammation, entirely lose such force in waters from deep artesian wells, 
because these are naturally rich in sue h salts. The same thing may be said 
of ammonia, whit h. although highly unfavourable in shallow waters, is yet 
always found in artesian wells xt%os\ probably from the metal pipes acting 
as reducing agents u|><>n the nitrates. Again, with upland |>eaty waters 
always tind a large reduction of i>erm?nganate. and consequently an 
of ** oxygen consumed." although the org.ini< matter so acting cannot be 
viewed as dangerous. 

Settmg aside, however, all ijuestions of mineral constituents, and only 
looking at the indications of the prcscnrc or al»sence of organic matter, the 
author has devised a valuaticm Male, originally presented by him in a paper 
read l>elore the >o< ieiy. and whirh has |»ro\id sh'.< e that time, m the hands 
of his \aru)us students dealing with s.initary e!iamin.itir>ns, as nearly correct 
as any general S4 ale can l>e. The primiple (^hith was origmally |irof)Osed 
by the laic .N!r. Winner > is to dividr the amiKint of earh figure found in the 
analysis by a fixed diMsor, and uhtK fht ,;u>'(tint (\ufdi 10 /<» d^Mt ^ 
fiskres o:^r thttt numhr. \x\ Us supi^osc that, for example, a water yielded 
*oi^ grain of albuininoui amnK>nia |*er gallon, and that the dtxisor 6xed 
for this indiiation is cc:-; . then »e have 

•012 , , 

= i;i : then 17*1 - 10 = 7*1. and 7*1 x 2 = I4*J ; 

•CC07 

therefore 14 j ^ 10 = 2x2, in«lirated degree of impurity. 

To prexent the protiutiion of enormous figures, likely to startle noo-pfft> 
fessional jHrrsons. the imlirated tlegree «»f impurity is expressed as a decttnal 
by divuiing it t*\ 100. Thus, it is only when the article is very bad indeed 
that the indication comes into full numbers. 
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Taking, then, the whole scale, it stands as follows : — 

Grains per Gallon. 

Ammonia each '0015 — i. 

Albuminoid Ammonia ,, '0007 — I. 

Oxygen consumed in 15 minutes . . . „ •cx)4 =» i. 

Oxygen consumed in 4 hours . . ,, "Oio =■ i. 

Parts per Million. 

Ammonia each '02 — i. 

Albuminoid Ammonia ,, 'Oi ■■ i. 

Oxygen in 15 minutes „ -057 — 

Oxygen in 4 hours ,, -143 = . 

When any number exceeds 10, then all over 10 is to be doubled and added 
to the original number, and the total valuation is to be divided by 100 and 
noted as "comparative degree of organic impuritv." Then, supposing no 
other consideration intemenes to modify the analyst" s opinion of the sample^ the 
following limits should be observed : — 

1st Class Water up to '2^ degree. 

2nd ,, „ (more or less questionable) . up to '40 ,, 
Undrinkable Water over '40 ,, 



DIVISION n. THE SANITARY ANALYSIS OF AIE. 

For sanitary purposes it is not necessary to make a full analysis of air, but 
should such be desired the processes described in Chapter XII. must be 
followed. The chief points are : — 

1. Estimation of Carbon Dioxide. 

This is done by the method of Pettenkofer, which consists in standardising 
100 c.c. of lime or baryta water with standard oxalic acid 2*25 grammes per 
litre of which i c.c. = '001 (i milligramme of CaO). The air to be 
examined having been collected in a large bottle of known capacity, 1 00 c.c. 
of the same lime-water are added, the bottle is closed and well shaken for 
some time. The COo is absorbed, forming CaCOa. The resulting milky 
liquid is titrated in the bottle with the same acid. The indicator used is 
turmeric paper, or phenol-phthalein. The difference between the two titra- 
tions gives the amount of CaO precipitated as carbonate by the CO2 in the 
air, and this is then calculated thus : — 

cc. used X -001 X 44 _^ . - , r • , 

= COo present m the volume of air taken. 

56 

In strict analyses, the volume of air taken must be corrected for observed 
temperature and pressure to its volume at N.T.P. Pure air contains about 
•04 per cent of COo. 

2. Estimation of Organic Matter. 

A known volume of air is sucked by an aspirator through a specially 
arranged apparatus containing ammonia-free distilled water, and 'the resulting 
liquid is analysed for ** free " and " albuminoid " ammonia like a water. 

3. Testing for Gaseous Impurities. 

The odor will generally detect these when present in notable proportions. 
Blotting-paper dipped {a) in tincture of turmeric, turns red-brown in presence 
of ammonia ; {b) in solution of subacetate of lead — black with sulphuretted 
hydrogen ; (c) in solution potassium iodide mixed with starch paste — blue with 
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chlorine or ozone ; (</) weak solution of indigo is decolorised by chlorine and 
sulphurous acid gas ; (e) red litmus paper dipped in solution of potassium 
iodide becomes blue with ozone and not with chlorine. 

DIVISIOV m FOOD AVALT8I8. 

Here we will only attempt to consider a few of the more commonly occur- 
ring cases, always choosing the simplest and most rapid process. 

1. Milk. 

( 1 ) Spaciflo Gravity. Take the specific gravity with great care at 60" F. 
If not at 60'', take the tem|)erature and refer to the table opposite. 

(2) Total Solids. Heat a small fiat platinum dish about \\ inch m 
diameter to redness, cool it under the desiccator and weigh. Put in about 
5 c.c. of the milk and again weigh. I1ie difference = milk taken. Now dry 
on the water bath for 3 hours (or until seemingly dry), then transfer to the 
dr>'ing oven at 212'' for 2 hours, cool under the desiccator and weigh. Put tt 
back m the oven for an hour, re|)eat the cooling and weighing, and if the 
difference does not exceed a milligramme or two it is dry, if it does, then repeat 
the dr>ing. The weight of the dry residue minui the tare of the dish et]uals 
the total solids ; then — 

.->—. — i)0" ccni. oC total toiKi». 

•jUAii'.ity taken 

(3) Fat. May now be calculateti by Fleishnunn's formula thus (/ s total 

solids : s = specific gravity : /= fat) : — 

100/ -> 100 

l>cducttng the (zl thu« foun*! from the total vtluls wc get the ** vjlidt not bt.** 

If a more accurate process be rc<iuired, the fat may be estimated by .\dams' 
method as modified by Thom|»on thus : — 

A strip of good filtering pa{jer (not blotting) is procured, 21 in. long by a| in. 
wide. I'wo small pieces of ordinary stirring rod are taken, the one rather longer 
than the other. I'hese are fixed together by stretchmg a section of indianiblKr 
tubing over each end of the rods. The two rods are separated from each 
other by the fingers, and the end of the stnp o( filter {taper placed betwceo 
them. The longer r(Kl may be conveniently held by an iron clamp on a 
retort stand. 5 c.c. of the nulk are taken in a pipette, having a long stem 
under the bulb, and whiUi the left hand hoMs the free end of the strip of 
pa{M:r. thus giving it an almost horizontal |>osition, a small {>ortion of the mflk is 
allowe«i to run from the {>i(H:tte which is held in the nght hand« with the 
finger do^in^ the top. so as u* make a line of nulk across the strip of paper 
within about an inch of the h\c^l end. .More milk is then allowed to flow 00 
to the < enire of the strip, and is then spread et{ually all over the sufiice with 
the stem of the pi;iette, whu h is held almost hon/ontally at right angles to 
the strip, hy this mean* the milk may l)c transferred entirely to the 
strip o( |a|M.r. aUmt an in< h or an inch and a half at the eiKl being left 
untnoisicncd. u\nm which the stem of the pijictte is wiped dry. The stnp of 
l»a|ier xUu^ inmstcncd with 5 « .c. of iniik may now U* taken Ijetween the 
hands, and *^ricd in 2 or 3 minutes over an ordinary Itunsen burner, llie 
fiaine may be allowed to play directly on the paficr. which is moved rapidly 
tjackwards and forwards over it. The strip of \$2\n:r thus treated is then coiled 
on a stirnn^ rcMJ, the rod withiirawn. arui the coil without anv further man^mla- 
tion |>Uced m a Suvhlet's tube tor cxtractmg the fa (see ChafiCer L, pi^ 9). 
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(4) Added Water. The limit for the strength of milk is at present based 
upon that of the poorest possible natural milk. Average milk will show : — 

Fii 300 

Soli<i> not fat . 9*00 



If, however, a milk has onlv — 

Kat 

Solid-* not fat 



Total I2tx>. 
T«»tal 11$, 



it will not l>e considered as deiinitely proved to l>e adulterated. The amount of 
water added should, however, always be calculated u]K>n the average standard of 
9 per cent ** solids not fat.*' provided the milk is certainly well below the limit 
of 8 '5 . The '* solids not fat " are used for the basis of calculation because 
they are a fairly constant quantity, the fat being variable. The amount of 
pure standard milk present in any sample nuy be calculated thus : — 

M»InK n<»( fat « ICO , „ 

:= of pure milk itrc«cnt« 

9 

and the difierence between this result and 100 is of course added water. 

( 5 ) Ash. The total solids in the platinum dish are burned over a low flame 
at dull redness till quite white, and the ash is weighe<l. The ash should be 
about '70,., and it will never, as a rule, fall below '6; in an un watered milk. 

2. Butter. 

Undoubtedly the best process for the detection of foreign Cat in butter » : — 

Reiiherfs Pnxtss. — lliis process is based upon the presence in botter-6tt 
of one constituent (tributyrin), which yields by appropriate treatment an acid 
(butyric acid) that is relatively much more volatile than the other acids yielded 
by any of the practicable substitutes for butter-fat. .\s will be seen, the method 
is based on o()erations that admit of no arbitrary variation ; to tectire rdiable 
and com{)arablc results exactly similar stei>s must l>e followed by all openuoci* 

2*5 grammes of the filtered melted fat are weighed into a flask of about 
150 cc. cajacity, 20 c.c of a solution of potassium hydrate in methylated 
spirit- 50 grammes KliO in 1000 cc— and the whole heated to gentle 
ebullition on a water bath until the fat is entirely sa|Kmihed and all the alcohol 
exi)elled. '\\\t soap <vhould form an almost dr) mass, that can scarcely be 
detached from the bottom of the Hask by shaking ; the last traces of alcohol 
bemg rtmoveil by occasionally sue kin;; the air out of the flask with a ttlbe* 
Afterwards 50 cc of water is added to (!:««volve the soap (the solution is hastened 
by ^tntU heating), and %*hen the soap \s completely dissohed, 20 cc. of dflote 
sulphun« acid (100 c.c H.S()« in icoo cc of watery is added to decooipoae 
the soaj). The flask is then c onnec teti with a small but eflicient Liebig'f con- 
denser, and the toutents heated to moderate Ixiiling. with addition of two or 
three bits of broken ti^lac < o pi|>e t<» prevent thumping. The distillate, which 
contains some in!Kilub!c ai ids. must \k |asse(*. .i^ it drops from the c< 
through a small wet hiter into a 50 c.t . mexsure. The distillation it 
tinued until evac tlv ^o C( . has come o\er, whi< h is at once titrated with 
dectnomial so<ia solution, phenol- phthalein being used as the indicator. 

Keichert*s formula tor <!etermining the perc entage of butter fat in mixed ftt 
is H = 7*3 Kn -oy \ h l)cing the numl^er of cubic centimetres of decinofBMd 
alkali used in neutralising the distillate from 25 grammes of the lat. 

Thus trcatedt pure butter ne\*er yields less aadity than it rcpfcienlii If 
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1 1 C.C. of decinormal soda (4 grammes real NaHO ])er litre). (Gutter made from 
the milk of one single individual cow has been known to fall to 11-5 c.c, but 
a^tnge butter, as produced from the mixed milk of a herd of cows, takes 
14 cc. Every time a fresh lot of alcoholic potash ( i in 20) is made, a bbnk 
caqxriment must be gone through without any fat, and the amount of alkali 
Qscd must be noted on the |)otash bottle and deducted as a check from each 
actiuU analysis. This is necessary when we employ methylated spirit, and such 
check may range up to 2 cc. with certain spirit. 

3. Bread. 

The only common impurity in bread detectable by chemical means is alum, 
which b tested for as follows : A piece of the crumb of bread, cut from the 
centre of the loaf, is steeped in a mixture of 5 cc. freshly made tincture of 
logwood, 5 cc. of solution of ammonium carbon«ite, and 20 cc. of water. The 
lii|uid is poured off and the basin placed on the top of the water oven. If 
alum be present a fme blue color will be developed. This test is, however. 
<mly yexy strong presumptive evidence ; and to absolutely confirm it in legal 
cases too grammes of the bread should be dried and incinerated in a large 
platinum basin, the ash dissolved in hydrochloric acid, and the amount of 
alumina present estimated by the ordinar>' methods of <iuantitative analysis. 
Proper precautions should be taken for separating silica and iron, and an 
allowance should be made on the alumina found from the amount of silica 
present, to avoid the estimation of Al^On accidentally present as clay. The 
alumina is best precipitated and weighed as phosphate in the presence of 
ammonium acetate and excess of acetic acid, the solution being l>oiled 
and fihered hot. 

4. BitiBiation of the Alooholic strength of Spiriti, Beer, Wines, and 

Tinotoret. 

1 1) In a Pore Spirit If the sample Ik: simply a dilute spirit which leaves 
nu residue u|)on evaporation, the }K.Tcentage may be ascertained by taking 
the specific gravity, (treat care must be taken that the contents of the 
specific gravity bottle are exactly ai a temperature o\ 60'' F., and in taking 
such specific gravities it is better to perform the o|x.*ration, say, three times, 
and take the average of such determinations, as a very small error makes 
a great difference in the commercial value of the s;imple under examina- 
tion. Reference to the alcohol table a|)j>ended will now give the required 
information. 

ij) In a Wine, Beer, Tincture, or Colored or Sweetened Spirit. The 
s|)ccific gravity of the sample is taken at 60'' F. and notetl. 100 < .r. are 
measured off at 60 F.. and evafHiratetl on the water bath or over a low 
gas dame, so as just to boil very gently, till all (NJor of alcohol has passed 
off. The lit|uid thus lelt is poured bark into the measuring Hask, the beaker 
is rinsed with a little distilled water, and the rinMiij^N added to the rtask. The 
whole is cooled to 60 F., made up to the 100 cc. mark with di>tilled \%atcr, 
and the specific gravity nt thi^ nnn al< oholic tluid is then taken, also at 60 F. 
Lastly, we calculate :- • 

<Jra\iiy licf-irr lioiliiiij , . . 

,. . , , — true iixfi^'t i:«"«ivny ••! the cuniamul '»pirit. 

<fra\ity after l«»ilin^ 1 * / 1 

The gravity so found gives by the table the jiercentage of alcohol in the 



(^) Table for ascertainiiig th« parcenUfes ntpeotiTaly of Aloohol by 
Weight, by Volnae. and as Proof Spirit, from tlie Speeiflc Gravity. 
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6. Knitaxd. 

This is chiefly a microscopical matter for the exact identification of impuri- 
but the following chemical operations may be performed : — 

(1) Test a cooled decoction for starch with solution of iodine. 

(2) If starch be found, extract a weighed ]>ortion in the ** Soxhlel '* 
with petroleum spirit or ether. Distil off the spirit dry, and 
weigh the oil. Mustard contains as an ordinar)* minimum 
II ^•of oil, and the amount of genuine mustard in the sample 
m-ill then be found thus : — 

"i of oil found X 100 , , 

- - - — ;*cnuinc nuistan! ; 

by deducting this from 100 the diflfercnce is added starch or 
flour. 

(3) Moisten the mustard with a little ammonia, when the tumicric brown 
will be de>*eloped if that coloring agent l>e present. 

6. Pepper. 

This is also examined microscopically for extraneous starches (esi)ccially 
), and also for /Hfivretti', which is chierty ground olive stones. 

( 1 ) Dry at 2 1 2"^, weigh out 5 grammes of the drictl |>epper, and take 

the ash. This should not ex<eed go per rent, even in the 
most inferior black pepper, which has been priTwusly dried at 
2\2 . Treat the ash with HC'l. add water, iKil. filter, wash, 
dry, ignite, and weigh the sand. This should not txceeil 4 iK:r 
cent, on the drieil i)cpi>er. 

(2) If the microscoi>e reveals starch other than that of i>epiKr, estimate 

it on 2 grammes of the dried jK'pper by the method giNcn in 
.Section 8. 

7. Colored Sweets. 

The poisonous colors are nearly all mineral and insoluble. They m.iy Ik: 
scraped off, washed with water, and iilcniitled by the ordinary methods ;:iven 
in Chapter IV. As a rule, at present only aniline <t)lors are used, and ihey 
are added in such minute proportions as not to be considered dangerous. 

8. Direct Estimation of Starch in Cereals. Mustard. Pepper, and all 

Foods and Drugs containing it. 

TT^is dejHrnds u|K>n the fart that stan h lornis ar. iriS'»Uible < oinpoiind wil^! 
barium. If an eves^ *»f barsta wati r of known >ircn^t!i be adMed l<' >l ifrh 
which has be^n jjelatir.ised in water, a pirtiun or tlie Imtiuim will rombine with 
the starch, ami then by estimating tlic e\<e>- of barxia wat^T left una!»>nr!-<.d 
we<an find the ain*»unt iJKen up by the ^tai* h. Ine lormula of the siar.h- 
bar\U com|H>iind is (' ,Hj.(),. I'.ai >, an.i i: therefore t o:r.amN \iy\ jicr ttsit. 
of IJaC ). 

Th( mat€ rials rdjuired are : — 

(1) l>ci.in«»rmalh\'ir«H '.'.••r.v. .iv.:-i. <t ii:;i!ii;"..'. ;*c»5 j^iM. ■ rv.illl* !|-cil«ooi ». - ..*•;'»; 

ili< » fiti cai^i ^.c 

(2) llar>!awaler kcj-S inn ■»;i-ri.il i.i: with a liusctu ; * :ii:.\r'.rii!l\ .xr:.n.hc<l. a- ^h-wj. n« 

thi- i;l;j-.!i.ili-t:i '.\fi;,.il A j^ tV.c ' it f< i ih- ' i;\:.i v iii r. h.iMiJ:; a t;il^ att.ii lid 
Liinf.iittiii^ lumpH lit' i,;:ii 'iv!:nu- !'• prcxiii! thi- i--.;i.»iur i-l « * ». fi 'ii. V t: \\\. 
Ti.c Nurt-ttc ! i- .\Tt.i- },nl '.1 !lic :■.••:.. in r.ci '-w nf t' l- w \\ .1 ta't l.ivii.^ j 
: :r.i ?»■ IK k «.:)!•» .•,■!:. ' *'.•■ :v,a^»:.t. .ui>i a t.:^^: '; : '!i I \*.**i luitij • »•! ... "i. 
\ ■>!,i«h It* I'fi vrti! t utr «iti i- .-f < < » 
\y, .\lt.i'h*.>I;«. o4>Iulii>n "t' ]>!;«.;.'■! |-!.:ii.ilcni .i* an iii<:.ca:<<i. 



THE ANALYSIS OF WATER. AIR AND FOOD. 



Tht PrtKiti. — The substance is powdered or finely ground in a mill, aad 
3 grammes weighed out for analysis. If (as in the case of mustard, pc{q)cr, 
etc.) it contains oil or resinous bodies, these are first extracted by percoUtion 
with petroleum siiinl or ether in the "Soxhlet." The powder is then well 
rubbcii in with successive c|uantilics of water until thoroughly diiintegrated, 
the liquid being transferred to a 150 cc. flask, and loocc. of water in all being 
used to entirely transfer the powder from the mortar to the flasL In dealing 
with very hard substances, like beans, peas, etc., the water should be uieo 
boiling. The flask and contcnu are now heated on the water bath for half an 
hour, with frtijuent shaking, to tntirtly f^latinist the starch. The whole is 
then cooled, and 50 c.c. of standard baryta water having been added from the 
burette, the fl.isk is corked, well shaken for two minutes, proof spirit is added 
up to the 150 c.c. mark, and the whole again shaken, lightly eorktd, and Mt 




aside to settle. Whi^e seiilin^ a r'' ,■. k is made on 50 c.c. of the baryu water 
by shakioK up with 1 00 i .r. of fre^hlv Iwnled disiilk-il water m a J50 c.c. corked 
tla*k, an<l then titrating- with the dniTiormal IICI, in the presence of two dim 
i>f phenol phih.iJein. The nunibir of < c. of acid used is recorded, giving toe 
toUl strctv'ih ..I' 50 c.. .ii the l>ar*t.i water enijiloyeil. When the iBlin 
analj-sis has sellleil. 50 c.i . of the cleat liquid ire ilrawn off with a pfpettc, 
rapidly titrated with the dei ini)rnial a. id and phcnnlphthalein, as in the cneck, 
and the number of < .< ul ai id useil is muliiplietl by 5 and set ilown as strength 
of b3r)'ta water remaining uncombinoil. This latter amount is deducted 6'oai 
the toul rhei k strencih. and the difference in 1 .c. of acid is multiplied bjf 
00765. whirh t;ive% Ba<i combined with the starch. This result now multiplied 
l*}' 4*'-15J Hi't* the an.jn: of stare h in the 3 grms. taken = \ : then 
- - - pc(tenti|^ -4 ouch. 
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8. Free Salphario Aeid in Vinegar. 

(i) B. P. Ptvuss.-^li ten minims of solution of barium chloride be added 
to a fluid ounce of the vinegar, and the precipitate, if any, be separated by 
fihimtiOD, a furth^ addition of the test will give no precipitate (absence of 
more than y\f per cent, of sulphuric acid). 

(a) Imptvved Method. — The official test given above is entirelv valueless in 
the case of vinegars containing much sulphate, from being made with water 
rich in that ingredient ; it is therefore necessar)-, if the vinegar appear to be 
adulterated when thus tried, to proceed as follows : 50 c.c. of the vinegar are 
mixed with 25 cc. of volumetric solution of sodium hydrate, made decinormal 
by diluting the official volumetric solution to ten times its bulk with water. 
llie whole is evaporated to dryness, and incinerated at the lowest ]x>ssible 
temperature. 25 cc of decinormal solution of oxalic acid (made to exactly 
balance the sodium hydrate solution) are now added to the ash, the liquid 
heated to expel CO^, and filtered The hlter is washed with hot water, and 
the washings having been added to the hltrate, litmus solution is added, and 
the amount of free acid ascertained by running in decinormal soda from a 
burette. The number of cc of soda thus used multiplied by '0049 gives the 
amount of free sulphuric acid in the vinegar. This process depends on the 
dct that whentitr the ash of vifugar has mot an alkaline reaction^ fru mineral 
add was undcubtedly added. 



if 



«# 



v 



172 



CHAPTER XI. 

ANALYSIS OF DRUGS. URINE AND URINARY CALCULI. 



DIYISIOV I AVALTSI8 OF DEVOS. 

1. Oeaeral Sehama. 

The analysis of drugs is so large a subject that only a few of the more 
commonly occurring problems can be discussed in the present vcdume. It 
mill, howe\'er, be interesting, before proceeding to the consideration of special 
matters, to give a sketch of the general method of analysing a vegetable sub- 
stance used in medicine, following the lines laid down by DragendoriT, but 
somewhat modified by the author as the result of experience. 

Step I. Dry the subt»tance in the water oven until it ceases to lose weight. 

Step n. Pack the dried and |>owdered substance, mixed with a little 
sand, in a ** Soxhlet " apparatus, thoroughly exhaust it wuh 
petroleum spirit, and cork up and save the fluid extract to 
obtained, marking it a. 

Step nL Spread the solid left from Step II. out to dry on a plate of glan 
on the top of the water oven, and when all odor of petn4eom 
has passed off. replace it in the Soxhlet, and exhaust it this time 
with |>ert'ectly anhydrous ether. C*ork uf> the ethereal extract 
obtained and mark it »t. 

Step IV. Spread out as before, and when all odor of ether is gone, repack 
and extract with purified commercial methyl alcohol, as sold for 
making methylateii spirit. This is more volatile than commoa 
alcohol, and is as a rule a better solvent of the articles required 
in this group, while it docs not so readily extract glucose, etc« 
It IS an article of commerce, and can be H|)ecially ordered 
through a purve\or of chemicaLs, as "commercial methol, highest 
strength.*' Save this aK oholic extract and mark it c. 

Step V. Kxiract the insoluble nutter from Step IV. with distilled water 
at a icmi^raturc not exceeding iic Fah.. and filter. Wash 
Hith tt>ai Haicr and save the filtrate i>. 

Step VI. \V.Lvh tl'»c iniioluhle oft the filter into a large flask, with plentv kA 
water, a* iduUted with i |>er cent, of hydrochloric acid, and boil 
It tt>r an hour under an upright condenser. I^t it settle, 
]H>ur off the h«|uui as close as {Knsible (saving it), and then 
collect the insoluble on a filter ami wash with Ixnling 
adding the washings to what was )»oured ofL This extract 
iiurked \. 
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tCep Tn.' Once more wash the insohible from the filter into a beaker and 
boil it up for an hour with plenty of water rendered distinctly 
alkaline with sodium hydrate. Collect on a weighed filter, wash 
first with boiling water, acidulated with hydrochloric acid, and 
then with plain boiling water, till no trace of a chloride remains ; 
dry in the water oven and weigh, deducting the tare of the filter. 
I^astly, ignite the filter and its contents in a weighed platinum 
basin, and deduct the ash so found from the first weight, and the 
difference will be the woody fibre in the drug. 

Step Vm. Make a nitrogen determination by KjeldahPs method (pap;c 154) 
on a fresh portion, and the nitrogen found (after deducting any 
due to alkaloids present) multiplied by 6-33 will give the amount 
of albuminous bodies present 

TteatiBaBt of the Separate Solntiont. — Each liquid is made to a definite 
number of c.c. with the same solvent, and then an ali(}Uot i>art, say 
10 c.c, is taken and evaporated, and the residue weighed, to find the tot^d 
matter soluble in each solvent. The bulk of the licjuids are then treated as 
follows : — 

Liquid A. This will contain chiefly fixeii and volatile oils. The spirit is 
allowed to evaporate spontaneously, and the residue is distilled 
with water, when the volatile oil passes over, leaving the fixed oil 
in the retort. 

Liquid B. This chiefly contains resins, together with some bitters, alkaloids 
and organic acids. The solution is evaporated to dryness on 
the water bath with sand, and the residue, having been i)owdered, 
is boiled with water slightly acdulated with HCl. .\ portion 
of this watery solution is tested for benzoic, cinnamic, salicylic, 
gallic, and other free organic acids, and the remainder is saved 
for subse(|uent use in Group C. The portion insoluble in water 
now chiefly represents any resins present in the drug, which are 
soluble in ether. These mav l)e further divide<l and examined 
by the action of alcohol. Resins are rccojjnised by their odor 
on warming, and by the action of H.SO^. HNOj, HCl. etc.» on 
s|>ots of the solid resin left by evajK>ratin^ the solutions. I'his 
matter recjuires s|Kr( ial experience, but a full des< ription of the 
nature and rea<-tion of all the j»rin< ipal resins will Ik* found in 
the author's work on " Pharmaceutical and .Medical Chemistrv," 
or in hisl)ookon 'Or^^anic Materia Medica.** 

Liquid C. Is eva|>orated to a low bulk, and then }x)ured into water faintly 
acidulated \%ith hydrochloric acid. .\ny insoluble matter is 
prol)ably a reNinou^ Inxly insoluble in ether, and is to l)e 
filtered out and examined as a resin. A portion of the a«|ueous 
solution is t(» be testcci t«»r tannin, and the remainder is to l>e 
mixed uitli the reserved Ipjuid from it, the whole gently eva|)oraled 
to a Convenient huk and treated bv immiscible solvents as 
follows : — 

Step L The li«|uid (which must still retain a slightly acid reaction) is 
shaken up successively with ihloroform and ether in a sejarator 
(see fig. 23, |>a;:e 95), The solvents are <lrawn ofi"and evaporated, 
and the residues so obtamed tested for glucosides and bitter 
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principles, of which latter bodies the following are some of the 
more commonly occurring : — 

(i) Extracted by chloroform from acid solutions : — 

Absinthin (wormwood). 

Anthemin (chamomiles). 

Colchicine (colchicum), imperfectly. 

Colocynthin (colocynth, or bitter apple), imperfectly. 

Calumbin, and probably some berberine (calumba), bright yellow, and 

highly fluorescent. 
Gentipicrin (gentian), very imperfectly. 
Picric acid (artificial), yellow, imperfectly. 
Picrotoxin (coccuius indicus), with difficulty. 
Quassiin (quassia wood). 

(2) Subsequently extracted by ether from acid solutions : — 

Chiratin (chiretta). 

Colocynthin (colocynth, or bitter apple). 

Gentipicrin (gentian). 

Picric acid, yellow. 

Picrotoxin {coccidiis indicus). 

Note, — The alkaloid colchicine comes out with the glucoside in this division. 

Step II. The liquid remaining in the separator is now rendered alkaline 
with sodium hydrate and shaken up again with chloroform. 
This extracts nearly all the alkaloids. The chloroform is 
evaporated and the residue tested for alkaloids (see Chap. V.). 

Step m. The liquid still remaining in the separator is shaken up with 
amylic alcohol, which takes out morphine and leaves it on 
evaporation, when any residue is tested for its presence. 

Liquid D. Is evaporated to a low bulk and then mixed with twice its 
volume of rectified spirit, when gums precipitate insoluble, and 
may be examined, and sugars dissolve and may be estimated by 
" Fehling. " Saponin also may be found with the sugars. 

2. Analysis of Cinchona Bark. 

Step I. Extraction. Mix 20 grammes (or 200 grains) of the bark in 
fine powder (No. 60) with 6 grammes (or 60 grains) of calcium 
hydrate in a mortar. Slightly moisten with 20 c.c. (or half a 
fluid ounce) of water, and mix intimately ; allow the mixture to 
stand for an hour or two, when it will present the characters of a 
moist, dark brown powder, in which there should be no lumps 
or visible white particles. Transfer this powder to a 6-oimce 
flask, add 130 c.c. (or 3 fluid ounces) of benzolated amylic 
alcohol, boil them together for about half an hour under an 
upright condenser, decant and drain off the liquid on to a 
filter, leaving the powder in the flask ; add more of the 
benzolated amylic alcohol to the powder, boil and decant as 
before ; repeat this operation a third time : then turn the 
contents of the flask on to the filter, and wash by percolation 
with more of the benzolated amylic alcohol until the bark is 
exhausted. (If an upright condenser be not available, a funnel 
may be placed in the mouth of the flask, and another flask 
filled with cold water placed in the funnel. This will form a 
convenient condenser, which will prevent the loss of more tban 
a small quantity of the boiling li(iuid.) Introduce the collected 
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filtrate, while still wami, into a stoppered glass separator . add 
to it 3 c.c (or 30 minims) of diluted hjrdrochloric acid, 
mixed with 13 cc. (or 3 fluid drachms) of water ; shake them 
well together, and when the acid liquid has separated draw it 
off, and repeat the process with distilled water slightly acidulated 
with hydrochloric acid, until the whole of the alluloids have 
been removed (which is known by a few drops of the liquid 
ceasing to give any precipitate with sodium hydrate). The 
acid liquid thus obtained will contain all the alkaloids as 
hydrochlorates, and excess of hydrochloric acid. 

Step IL Separation of the Quinine and Cinchonidine from the 
Qninidine, Cinchonine, and Amorphons Alkaloidi.— The 
acid fluid from Step I. is to be carefully and exactly neutralised 
with ammonia while warm, and then concentrated to the bulk 
of 18 c.c. (or 3 fluid drachms). 1*5 gramme (or 15 grains » 
of tartrated soda, dissolved in twice its weight of water, 
is added to the neutral liquid, and the mixture stirred with a 
glass rod. Insoluble tartrates of (|uinine and cinchonidine will 
separate completely in about an hour ; and these collected 
on a filter, washed, and dried in the water oven, will contain 
eight-tenths of their weight of the alkaloids, quinine and 
cinchonidine, which multiplied by 5 (or if grains have been 
taken, divided by 3) represents the percentage of those 
alkaloids. The other alkaloids will be left in the mother- 
liquor. 

Step in. For total Alkaloids. — To the mother-lit |Uor from the preceding 
process add solution of ammonia in slight excess. Collect, 
wash, and dry the precipitate in the water oven, which will 
contain the other alkaloids. The weight of this precipitate 
multiplied by 5 (or, if grains have lieen taken, divided by 2) 
gives the amount of cinchonine, c)uinidine, and amoq>hous 
alkaloids. This weight, added to that of the ({uinine and 
cinchonidine from Step II., gives the total alkaloids. 

Step IV. Separation of Quinine and Cinchonidine.- -This is an 
operation to effect which with al>solute accuracy requires 
special cxjKjrience, and to give the detailed instructions 
and solubility allowances by which alone it can be carried out 
to within tenths of a per cent, would be beyond the sco|k* of 
the present work. It may, however, be generally stated that it 
is accomplished by dissolving the precipitate from Step II. in 
a little water acidulated with hydrochloric acid, then ailding 
excess of sodium hydrate and shaking up with ether. .After 
standing for some hours the ethereal layer is separateti and 
evafjorated to dr>ness. The residual quinine <now con- 
taining only a little cinchonidine) is dissolved in a fixed 
(Quantity ot alcohol by the aid of a slight excess of dilute 
sulphuric acid, the alcohol is eva|>oratcd off, the residue is 
dissolved in a fixed <{uantity of water and brought to the 
boil. While hot, this solution is rendered as nearly neutral as 
ix>ssible by dropping in dilute ammonium hydrate (but not so 
as to produce a |)ernianent precipitate) and set aside for twelve 
hours when cr>'staU of sulphate of quinine (C-^.H^^NjOj) • 
lI|SO^ ' 15H3O deposit^ leaving sulphate of cinchonidine in 
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solution. These crysuls are then collected and weighed with 
certain special precautions. The use of animal charcoal to 
perfectly decolorise is also necessary. 

Step V. Separation of the quinidine, cinchonine and amorphous alkaloid. 
The precipitate from Step III. is digested in cold proof spirit, 
which dissolves the quinidine and amorphous alkaloids, and 
leaves the cinchonine insoluble for collection, drying and 
weighing. The alcoholic solution is rendered acid with acetic 
acid and evaporated to dryness on the water bath. The 
residue is dissolved in a very small quantity of water, amd a 
little spirit and some solution of sodium iodide is added, which 
precipitates the quinidine as iodide. This is weighed and the 
weight multiplied by 718 = quinidine. The amorphous 
alkaloids are then found by difference. 

3. Eitunation of MorpUa in Opium. 

Dry the opium in the water oven, powder it, and once more dry it at 213* 
till the weight is constant Take 1 4 grammes (or 1 40 grains) of this powder, 
and 6 grammes (or 60 grains) of fresh slaked lime, and triturate them 
together with 40 c.c. (or 400 grain-measures) of distilled water in a mortar 
until a uniform mixture results ; then add 100 c.c. (or 1000 grain-measures) 
of distilled water and stir occasionally during half an hour. Filter the 
mixture through a plaited filter about three inches in diameter in a wide- 
mouthed bottle or stoppered flask, having the capacity of about six fluid 
ounces and marked at exactly 104 cc. (or 1040 grain -measures), until the 
filtrate reaches this mark. To the filtered liquid, representing 10 grammes 
(or 100 grains) of opium, add it c.c (or 110 grain-measures) of recti6ed 
spirit, and 50 c.c, (or 500 grain- measures) of ether, and shake the mixture ; 
then add 4 grammes (or 40 grains) of ammonium chloride, shake well and 
frequently during lulf an hour, and set it aside for twelve hours. Counter- 
balance two small hlters ; place one within the other in a small funnel, and 
decant the ethereal layer as completely as practicable upon the inner filter. 
.•\dd 20 c.c. (or 200 grain- measures) of ether to the contents of the bottle, and 
rotate it ; again dciant the ethereal layer upon the filter, and afterwards 
wash the latter with 10 c.c. (or 100 grain-measures) of ether added slowly 
and in jiortions. Now let the filter dr>' in the air. and jwur upon it the 
liquid in the bottle in ji*)rti*>ns in s»uch a way as to transfer the greater 
|X)rtion of the cr)stals to the filter. When the rtui<l has ftassed through the 
filter, «ka-sh the bottle and transfer the remaining crystals to the filter, with 
several small j>oriions oi disiilletl u.»icr, usin^; not inucn more than jo c.c. 
^or 200 grain measures) in ail. and distributing the |>ortions evenly upon the 
filter* Allow the filter to drain, and <lry it. first by j)ressing l>elween sheets 
of bibulous ia|>cr. and afterwards at a tem|K:niture between 131 and 140^ F. 
(55 and 6c' i].u atul f'in.illy at n;4 to 212 V. 06 to 100 ('. Weigh 
the install in the inner filler, c t.unterialan< ini; by the outer filter. The 
crystals should weigh 1 gramme «»r 10 jjrains). corresponding to 10 per cent, 
of morphine m the dry jMi\%dcrc<i opium. It is considered that an3rthing 
between «; 5 and 105 \kt cent, is « orrecn for ofTicial opium. 

• Wht-f. :: \s (!c* rv! t • uh'ain the ro'-rj-hmc in a *tjilc 'A aSMiIutc jnintt, the prcci|Mtalt 
'vh*»ul I \< «A«hr«i uxsx «i;th «2Scr ta*.ura!el with m<j»r]^hta. aod then with rcctifted ifrifll 
similarly «a:uratoL 
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lY. Bftimation of the Alkaloidal Strength of Sztneli. 

Dissolve I gramme (or 10 grains) of the extract in 20 c.c. (or half a fluid 
ounce) of water, heating gently if neccssar)*, and add 6 grammes (or i 
drachm) of sodium carbonate previously dissolved in 20 c.c « or half a fluid 
ounce) of water and 20 c.c. (or half a fluid ounce of chloroform ; agitate, 
warm gently, and separate the chloroform. Add to this 20 cc. (or half a fluid 
ounce) of dilute sulphuric acid with an equal bulk of water ; again agitate, 
warm, and separate the acid liiiuor from the chloroform. To this acid li<{uor 
add now an excess of ammonia, and agitate with 20 c.c. ,or half a fluid 
ounce) of chloroform ; when the liquors have separated, transfer the chloro- 
form to a weighed dish, and evaporate the chloroform over a water bath. 
Dry the residue for one hour at 212^ F., and weigh. Thus treated, extract of 
mux twMiOi should show 1 5 \)eT cent of total alkaloids, and the process may 
be extended to almost any extract containing alkaloids except opium. No 
standards have, however, yet been fixed, except that for nux tvmica. 



y. Snuninmtion of a Tinotve or other Alooholio Liquor for the Preienoe 

of MethyUted Spirit. 

For the purpose of testing tinctures or any alcoholic liquors, they must 
first be distilled until a part of the spirit has |)assed over. The distillate is 
treated as follows : — 

A small flask is fitted with a cork and a tube having two right-angular 
bends, with the end dipping into a test-tube kept cold by immersion in water ; 
and in it is put, — 

( I > About half a drachm of the spirituous liquid re({uired to be tested. 

(2) .An e<iual (|uantity of {X)tassium dichromatc and of pure sulphuric acid. 

(3) Four or five times as much water. 

The mixture, after standing for twenty minutes, is distilled at a gentle heat, 
until nearly the whole has {lassed over. Scniium carl)onate haNnng been added 
to the distillate Itll it is slightly alkaline, the liquid is eva}H)rated in a porrc- 
lain kisin to .ibout half its bulk, and having been acidulated slightly by acetic 
acid, IS lran>ferred to a test-lube, healeil gently with twenty drojis K)i a 5 per 
cent solution of arj^entic nitrate for a few minutes, when any decided oj)acily 
(due to the disroloraiion of the fluid and the se|»aralion of a blackish precipi- 
tate of metallic silver , indicates the presence of methyl hydrate m the sample 
thus tesle<i. In the oxidation of ordinary alcohol a mere trace of formic acid 
IS forme<l by secondary decom|)osition. consecjuently a distinct pre< ipitate 
muNt l>e obtained before the s|)irit can, with certainty, be pronounced to be 
methylatfd. 

The oprratioii of the alM)ve process (lc|)ends on the fact that by a short 
oxidation with sulphurit acid and |>ota^siuni (lit hroniate, aldehyds and acids are 
pro<Ui< ed. which, by l»ein^ Unled with sodium carlninate, yield sofiium acetate 
and formate, the former from the ordinary ** alcohol * and the latter from the 
woo<i spin:. l*|K>n the addition of arj^entic nitrate, argentic formate is pro- 
duced, whu h IS easily ri*du< ed by Ixuling to metalli< silver, while argentic 
acetate is not so artected. If the oxidation l>e too |K)Aerful, the formic 
acid in turn lK:«on»c!» oxidised to CO. and H () and lost. Thus the 
|>rocevs IS not aUa\s satisfactory, and must l>e<(>mplctcd within half an hour 
or so. 

12 
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When this process has to be applied to sweet spirit of nitre, the ethyl nitrite 
must be first got rid of, as follows : — 

Take a little of the spirit and place it in a bottle with some dry potassium 
carbonate, and shake up. Let it settle, and take about two drachms of the 
strong spirit which separates. Saturate this with calcium chloride, and distil 
on a neater bath, rejecting the distillate ethyl nitrite, etc.). Add a little 
water to the contents of the retort and distil again, when the pure spirit will 
come over, and a portion may then be tested as above directed. 

VI Eftimatioii of the Strength of EeeiAOOs Dnigi. 

Take 5 to lo grammes of the dnig in powder, and place it in a strong gbss 
flask with 100 c.c. of pure methylated spirit ^^ O.P. and free from resin \ 
Close the flask with a good cork, and digest it in a warm place at about 
120' F. for 12 hours, shaking from time to time. Pour or filter off 80 c.c. 
(representing ,**{, of the total drug taken , place it in a weighed beaker, and 
evai)orate to 25 c.c. on the top of the water bath. Now add 50 c.c. of 
distilled water and boil gently over a low gas flame till all the alcohol is 
driven ofl*. I«et it cool and perfectly settle, pour off the supemaunt lii}uor, 
wash the de|K>sited resin by decantation with hot distilled water, and then 
dry the l>eaker and its contents in the air bath at 220" F. and weigh, 
deducting the tare of the beaker. Thus treated, jalap, for example, should 
show I o per cent, of resin, but for other resinous drugs no official standard 
has yet been laid down 

Tn. Tettiiig the Puritj of QniniAe Sulphate. {Offidai Dirutwrnt.) 

Test for CincheniJinf ami Ciiuhonint. — Heat 100 grains of the sulphate of 
quinine in ^\c or six ounces of boiling water, with three or four drops of 
diluted sulphuric acid Set the solution aside until cold. Separate, by 
filtration, the purified Nulphate of <|uinme which has cr}*stalliscd out To 
the filtrate, t^hiih should nearly fill a bottle or flask, add ether, shaking 
occasionally, until a distinct layer of ether remains undissolved. Add 
ammonia in ver)- slight excess, and shake thoroughly, so that the quinine 
at first precipitated shall be redi.ssolved. Set aside for some hours, or during 
a night. Remove the suftematant clear ethereal fluid, which should occupy 
the neck of the vessel, by a pif)ette. Wash the residual aqueous fluid ami 
any se|arated crystals i>{ alkaloid with a verj* little more ether, once or twice. 
Collect the sejurated alkaloid on a tared filter, wash it t»ith a little ether, 
dry at 212 F. (100 C .). and wei^h. Four f>arts of such alkaloid correspond 
to five parts of c r\>tallistti sulph.iie of ciiKhonidine or of sulphate of cin- 
chonine. 

Tfit Jcr {yytntJtnt. --kccT)staIhse fifty grains of the original sulphate of 
tjuinine, as devcnt ed m the previous }aragraph. To the filtrate add soltition 
of iodide of {)otas<»iuin. and a little spirit of wine to prevent the precipitation 
of amorphous h\dno(iatcs. (^ollect any sefiarated hydriodate of quinidioe, 
wash with a little «atcr. <iry. aiul weigh. Ihe weight represents about an 
equal weight of cr)stalliscd sulpliate of quinidine. 

Tat for Cuprane. Shake the rerr>stallised sulphate of ((uinine, obtained 
in testing the on^^nal sulphate of i(uinine for cinchonidine and cinchontnc^ 
with one fluid uunt e of ether and a quarter of an ounce of solution of 
ammonia, and to this ethereal solution, seiorated. add the ethereal fluid and 
washings also obtained in testing the original sulphate for the two iflralnich 
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just inentioned. Shake this ethereal liquor with a ((uarter of a fluid ounce 
of a 10 per cent, solution of caustic soda, adding water if any solid n'.attcr 
scf^arates. Remove the ethereal solution. Wash the aqueous solution with 
more ether, and remove the ethereal washings. Add diluted sulphuric acid 
to the aqueous fluid heated to boiling, until the soda is exactly neutralised. 
When cold collect any cupreine sulphate that has crystallised out un a tared 
filter, dr>* and weigh. 

(Quinine sulphate should not contain more than 5 per cent, of other cinchona 
alkaloids. 

▼m. Eitimation of the Alkaloidal Strength of Scale Preparationi. 

Dissolve 5 grammes in 30 cc. of water, place the solution in a sciarator. 
add 20 c.c. of chloroform, and then a .«ilight excess of ammonium hvdrate. 
Shake well and allow it to stand. When the chloroform h;is se|>arated oft clear, 
run it oflf into a small weighed flat-lKittomed flask, and re|K*at the sh.iking 
successively with 10 c.c. and 5 c.c. (»f chloroform, always runnmg it off into 
the same flask, .\itach the flask hy a cork to a condenser and distil otf the 
chloroforn). and then dry the residue for half an hour m the air luih at 
J20* K, and wei^^h. Thus treated, citrate of iron and piinine shuuld i»how 
15 jKrr cent, of alkaloidal residue, which should he soluble in ether. 

IX. The Estimation of Phenol. 

'ITie following is the method for determining the phenol quantitatively in 
crude carlH»lic acid. 20 c.c. of jwiassium hydrate s«iluti(m «sp gr. i 25 i \^o> 
are addetl to 2c c.c of the crude carbolic acid. The whole is well shaken up. 
and, after half an hour, the mixture is niade up to | litre by the addition 
of water. The tarry n^nstituents of the carlK)lic acid separate out and are 
removed by filtration. The residue is washeil with lukewarm water till the 
wash-water is no longer alkaline. The whole filtrate is then treateil with 
hydrcN hlorir and till faintly .icid (thi> jHiint is also indicateil by the Ii<|iud 
changing color and turnini; brown >, and ma<le up to 3 litres. The small 
uuantitv ot tarrv matter htl in the filtrate A^^tss not interfere in the titraluMi 
which follow >. The dilution i> ne<'esNary. for. in titrating, the rarbolu a<id 
solution wwA not « ontain more than 1 ^r. in J5C.1. 50 < .1 . are now lakrn. 
antl 150 « .t . ot a solution » ontainin^ 1 l.jd litn. sodn:tn hromale and ^''^\y^) .;jrs. 
*<Mliuni Itrotnide to the litre .ire added, ti>Leiher \\\\\\ 5 « .< . i>f < '»n« ii.:r.ile«! 
huinn hloric at id . broiiiMu* in evolved ,\vA tril»roTno'hfno; j-rr* ;; i!a't tl. 
.-Xfier -• Miin-.ites. during whuh tlie rnixturr i-* si. ak'n . j* iii'iUc ni'\. 1: « .♦ . 

potassium jniltic s,i!i; 1 wz^ jr. |H>tas>iiiin i»»iiulc lo trie litre • are .iddMl ; 

pftassifj iir..njide i-s toriiud with the v\< i>"» of tree iiroinine. aiul i«tdine 
111.* r.itffl \!ttT .i!' li* 5 minutes 1 not l<«n^er) si.iri h solution is added, ami 
ihi- free i«ni:iie titrated with a s«Hiiuin thi*»si:lphatr soluli»»n < ** hy|>o "" >. « on- 
ta liin;^' '*;'•; i;t^ j-i-r litre. The e\]'erinieTit sliimUl be first »lone uj i>n 
'2 L.ramnit .1 j.irr « T\^t.»Il:scd <,ir''olir m \\\ »!iss.»lvi'«l in 50 < .«". »>f water, and 
tfiC 111:1.1' «r m! t I ii the "hNjN* ■ solution usvil should be ni»ted. .\ llank 
e\!«er.fin. Ill i«ii i;. « ». ^A tin* l>ronii>!e liroinate solition, with ^ c.c. of Hi'l 
and I ' < ..J !• c lodule v.ution. should a\^k\ W litr.iied. Uy deductin.: the 
I .« ot •* l.\| •» " usfd tn the first < he< k from that in the second, the numb r of 
< c. oi • K\;- . " e jiiualent to j gramme real i .iriiol.. .n id is asi ertained. and 
the (.<: :;\ai(.nt \ali:e of eat h < r. ot '*h\i*o" in (ar'H>lii a* ui is calculated. 
In eMf. .iriiUsjs the nunil)er of i r. of ••hv|>o" usetl is dedu< ted from that 
enip'iMud .n the blank e\)H.riment. and the difference is calculated to carbolic 
aiS'l present in the !»ample. 
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X. Bftiiaation of the Fatty Adds in Soap. 

Two grammes of the soap, in fine shavings, are shaken up in a separator, with 
a slight excess of dilute sulphuric acid to liberate the acids. Ether is then 
added, and the fatty acids which have been liberated are dissolved up in it. 
When the decomposition of the soap is complete, the liquid below the 
ethereal solution is removed. With a little care this can be done very 
completely without any loss of the ethereal solution. The ether is then 
shaken up with distilled water, and the latter drawn off as before, and this 
process of ^n-ashing repeated three times more. When all but a few drops of 
the wash-water have been drawn off, a few drops of barium chloride solution 
are added, the mixture shaken up, and the last traces of sulphuric acid thus 
removed. With a little practice so little water is left below the ethereal 
solution that the latter can be directly drawn off and evaporated in a weighed 
dish, and the residue finally dried in the water oven and weighed. The fatty 
acids obtained are perfectly free from sulphuric and hydrochloric acid, and do 
not get brown at ioo° C. 

XL Estimation of Oleic Add. 

One gramme of the impure fatty acid is saponified in a basin by heating 
with a slight excess of alcoholic potash till dissolved, and then diluted with 
water. This solution is treated with acetic acid drop by drop, until on stirring 
a faint permamnt turbidity ensues. Dilute solution of |)Otassium hydrate is 
then stirred in drop by drop till the liciuid just clears up, ard then solution of 
plumbic acetate is stirred in until precipitation ceases. The precipitate having 
been allowed to settle, the supernatant liquor. is poured oflT and the soap 
washed once ^ith boiling water. A little clean sand is rubbed up with the 
soap in the losin, and the whole scraped out and transferred to a ** Soxhlet,** 
in which it is thoroughly exhausted with 90 c.c. of pure ether. The ethereal 
solution (which now contains only plumbic oleate, the plumbic palmitate and 
stearate Ixring left insoluble in the Soxhlet) is transferred to a special appaiattss« 
sold by apparatus vendors as '* Muter's oleine tube.*' This is a graduated and 
stoppered tube holding 1 20 ex., and having a spout and stopcock at 30 ex. 
from its base. Pre%'iously to introducing the ether, place 20 c.c. of dilute 
hydrochloric acid ( i in 3 > into the tube, and then make up the whole with 
ether rinsings of the basin to the 1 20 c.c. mark. C!lose the tube, shake well 
and set aside. When settled, note the full volume of the ethereal solution 
of oleic acid, and run otf an aliquot ]>art from the tap in!o a weighed dish, 
evaporate, dry in the water oven and weigh. Fmally calculate this weight to 
that of the whole bulk of ethereal solution previously noted, thus getting the 
amount of real oleic .icid present in the gramme of crude acid started with. 

Zn. Estimation of Glycerine. 

This prcK ess depends on ( i ) ohtaming the glycerine free from other oxi- 
disable iKHiies, such as alcohol sugars, etc.; (2) oxidising it with pocav^ium 
bichromate in the presence of !>ulphunc acid to c art>on dioxide and water by the 

following c<]uali<)n 

ami (3) estimating the amount of CO* evolved. 

The rebtion t>ciwecn carbon dioxide and glycerine is that 396 ports by 
weight of CO. represent 276 jiarts of glycerine, or m other words the wcigbl 
in grammes of Co, found multiplied by '69697 gives the amount of glyoernie 
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in the quantity weighed out for analysis. The process is conducted in an ordi 
nary apparatus for the estimation of carbon dioxide like that figured on |>age 145. 
fig. 36. The fluid containing the gl>Tehne is first tested for the presence of 
sogan, both cane and glucose, and if they arc absent a measured iiuantity, 
(say 100 c.c.) is e\*aporaied on the water hath with 3 c.c. of milk of hme and 
a grammes of pure sand, till a fairly detachable residue is obtained. This is 
then scraped from the basin and extracted in the ** Soxhlet *' with atisolute 
alcohol of B.P. strength, llie alcohol is distilled off in a 11-eighed flask and 
the weight of the residue taken, llic residue is then dissolved in a little dis- 
tilled water, and such an aliquot part uken for analysis as shall not contain 
more than '5 gramme of glycerine. This is introduceil into the apparatu> 
with 4 grammes of ]K>tassium bichromate in saturated solution, and into the 
acid reservoir are placed 10 c.c of strong suli>huric arid, the absorbing tube 
being also charged with the same acid. The apparatus is weighed, and then 
the acid in the reservoir is allowed to mix with the glycerine and bichromate. 
Action sets in. and after standing for three hours in a warm pbce, the whole 
b heated to gentle ebullition, cooled and weighed. The loss of ^*eight et]uals 
the C( >, evolved, and this is then calculated to glycerine as al)ove and lastly 
corrected from the ali<iuut part to the whole. In the presence of sugar the 
li<)uid must first be inverted by boiling with dilute hydrochloric acid (if cane 
sugar tie present) and then evaiorated with an excess of barium hydrate 
instead of liinc. This will either decom])Ose the sugars, or render ihcm 
insoluble in the alcohol subsequently applied. 

Dnrisiov n. mxcrochemical idehtificatiov of druos. 

Many of the active principles of drugs are Inrst identified by first isolating 
them by suitable processes, and then disNolving in alcohol, ether, water or some 
other solvent, and allowing a drop or two of the lii|uid ti> cr)'stallise on a 
microsci>pe slule. 

This is a subject of study ]K)ssessing the utmost fascination, and with which 
fainiliarity is only acijuiretl by practice. 

Kx|H.*rience is ne<:essary in selecting the most suitable solvent from whith to 
crystallise an alkaloi<t, as the duration of the eva|>oration may have a market 1 
et^eci ujKin the form ot' the crystals. In some cases eva|»oration may Ik* 
accelerated by the aid of heat ; in others, such a proceeding is fatal ti> success. 
The addition ot* alcohol to ether, and o( water to alcohol a|>|>ears to Ik.* the 
iK'St means *»t" retarding the pnx'ess when necessary. To Like the case of 
c'Kaine. Iri/m < hloniform n«> trxstals are depi>siicd ; from ether they are 
ill defined : i»'.it from ali tihol. allt»wing ev.iporation to j»rocee«l '-ery slowly, we 
>:et the l»est results. AU.ns employ |H»larised light by which to \iew the 
I ryst.nls. eithi r with or without the addition of a selenile |»l.ile. Here, ag.iin, 
the diir.itiufi of ev.ij-'ir.ition h.is a marked effect, also the strength of the solu- 
tion. I: \).v sr.!)stance is tie)K)sited in a thin tiiin it may Ik* altogether invisible 
wnh<-i! jH»l.ir:^cii ii^Iit. Thick t rystals freipienily pPKluce col«»r without the 
siien:'-. aini t'losf that are \erv thick mav ilei>olarise without anv coloration. 
I f Is I»i r.^ l-orne m iir.nil. no hrti* ulty is experienced in practice, as it is easy 

to c •iiii;>ari.' with an alkaloid of known imritv cr\stallised under the same 

■ ' ' 

CMnchi:.i:is. In the accompanvii^ plates <drawn by .Mr. A. Percy .suuth, 
I'.I.Ct arc ^iven representations oi \arious sulistances crystallised under the 
best I •ji:«i:!iMn'., with the name of the sohent and the linear magiufirattoT) 
The K-t:< r W si^nir'ies a black tield toniinary |»oiarised lights and V a \iolet 

fit Id prjui ;• id l»\ tlie selenite. 
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DlVISIOir in. ANALYSIS OF XTBINE. 

The following are the chief points on which information is usually required 
by the physician who submits urine for examination to an analyst : — 

1. Take the specific gravity, which should range from 1*015 ^^ 1*025 at 
60^ F. 

NoU, — In diabetes the gravity is too high, sometimes reaching i '060, while ii albuminuria 
it is abnormally low, even occasionally falling to 1*005- 

2. Examine the reaction, which should be very faintly acid. 

3. Set a portion to settle in a long glass, and examine the Jeposit under 
the microscope for calcium oxalate or phosphate, uric acid ^r urates, pus, 
casts of kidney lubes, etc., etc. 

Note. — The nature of the deposit may also be confirmed chemically as f<^lows : — 

(a) Warm the urine containing the sediment, when, if the lattei should dissolve, it 
consists entirely of urates. In this case let it once morf crystallise out, and 
examine it by the ordinary course for Ca, Na, and >'H4, to ascertain the 
bases. 

{b) If the deposit be not dissolved by heating, let it settle, wa^ once by decantation 
with cold water, and warm with acetic acid. Phospjfetes will dissolve, and 
may be reprecipitated from the solution by excess H NH4HO filtered out, 
well washed with boilii^ H,0, dissolved in HCjH^t and examined for Ca 
or Mg by the usual course for these metals in preseice of PO4. 

{c) If the deposit be insoluble in acetic acid, warm it ^ith HCl. Any soluble 
portion is calcium oxalate, which may be precipit/tcd by NH^HO. 

{d) If the deposit be insoluble in HCl it is probably ur^ acid. In this case apply 
the mtirexid test as follows. Place it in a small Arhite dish, remove moisture 
by means of a piece of bibulous paper, add a 4^p or two of strong HNO3 
and evaporate to dryness at a gentle heat. When cold add a drop of 
NH^HO, which will produce a purple color d<fepened to violet by a drop of 
KHO. 

4. Test for albumin, as follows : — 

(a) Boiling test. — Filter the urine, place i^ c.c. in a narrow test-tube, 

and add one drop of acetic acid. Heat the tube over a small 
flame in such a way that the uppei portion of the liquid only 
shall be heated. Coagulation wilUake place, and the presence 
of albumin will be evident from me formation of a turbidity 
ranging from a faint cloud to apense coagulum, but always 
strongly contrasted with the cle^ liquid beneath, which was 
not heated. Mucin also precipit^es with this test. 

(b) Nitric test. — To five volumes of cold ^/wra/^^ solution of magnesium 

sulphate add one volume of iitric acid (sp. gr. 1*42), and 
preserve this reagent for use. Piur some perfectly clear filtered 
urine into a tube and carefullf add an equal volume of the 
reagent deUvered gently from a pipette so that the liquids shall 
not mix. An opalescent zoije will form at the point of 
contact either immediately or vithin twenty minutes, according 
to the quantity of albumin Jresent. This zone should not 
dissolve on gently warming, bul should be a distinct ring at the 
bottom of the urine and not a jeneral haze near the top, which 
latter indicates mucin. 
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(r) Picric add test, — Dissolve 7*5 grammes of pure crystallised \nxi\\fo^,^ 
phenol (picric acid) in 500 c.c. of water, let it stand for some ^^ 
days to perfectly clarify, pour off and preserve the reagent for 
use. Mix some of the filtered urine m a tube with an equal 
volume of this reagent, look for any cloud or precipitate, and 
then heat to boiling. The true albumin cloud will renuun per- 
manent, while that due to peptones or alkaloids accidentally 
present will be dissolved. Picric acid does not precipitate 
mucin, and is therefore a valuable confirmation test. 

{d) Bodeket's method. — Take a drachm of the urine, acidulate it with 
acetic acid, and add some potassium ferrocyanide drop by drop 
till a clear excess has been added. If during the addition a 
precipitate forms, albumin is to be suspected. Mere traces 
require some time to cause the cloud 

(e) To estimate the Alhumin, — ^This may be done empirically by means 
of an atbuminimetre^ which can be purchased (with full instruc- 
tions for use) at apparatus dcp6ts. The action depends on 
observing the height of the albumin precipitate in a s|>eciany 
constructed graduated cylinder after standing for a given time. 
The precipitant is picric acid. In the absence of such a 
convenient appliance we may take a weighed ((uantity of the 
urine, and allow it to drop into boiling water acidubted with 
acetic acid. Collect the precipitate on a tared filter, wash with 
boiling Hater, dry at 212^, weigh, and deduct the weight of 
the filter, when the balance = albumin in the weight of urine 
operated upon. 

5. Test for grape sugar, as folloii-s : — 

\a) Moore's /<^/. — Acidulate with acetic add, boil, and filter out any 
albumin if necessary. Then mix the filtrate with equal parts 
of liquor /n^tassa and heat to boiling, when ordinary urine will 
turn brownish-red, but saccharine urine will become dark brown 
or black. 

(/•) Boett^fr's test (modified by Nylandcr).— Dissolve 2*5 grammes of 
pure bismuth oxynitraic (free especially Irom silver) and 4 
grammes of Rochelle salt m 100 grammes of 8 [>cr cent solution 
of sodium hydrate, and prescne for use. To use this reagent 
I c.c. of urine is added to 10 c.c. and the whole boiled gently 
tor sonic time, when if even only traces of sugar l>e present the 
mixture becomes black. 

(t) /i^M// c' J /<'i/. — Render the urine alkaline with potassium hydrate, 
ami niter to remove any phosphates, etc, which may precipitate. 
Hoil the filtrate with Fehling's solution of copper (see page 1 19). 
and if a red precipitate should fonn, sugar is present. 

(«y ) To titinujte the su^ar. — This is best done by taking i o grammes of the 
urine and diluting it with water to 100 c.c. Place this solution 
into a burette, and run it gradually into 10 c.c. of Pav7*s 
solution, kept boiling in a flask as directed under the Volu- 
metric Analysis of Sugar, page 1 1 9. The number of c.c of 
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urine used will contain '005 gnunme of grape sugar, and 

then . = sugar in the i o grammes of unne taken, 

cc. used 

6. Test for bile, as follows : — 

\a) Oliver's test, — Dissolve 2 grammes of flesh peptone, '25 gramme 
of salicylic acid, and 2 cc of 33 per cent, acetic acid, in 
enough water to yield 200 cc. of product The solution 
should be rendered perfectly brilliant by passing it through 
frozen filtering fxiper. The urine, which should be very clear, 
is diluted to a specific gravity of I'ooS. One cubic centimetre 
of this is added to 3 cc. of Oliver's reagent. .\n opalescence 
at once appears, which will be found to be more or less distiiKt 
according to the quantity of bile salts present. Keller s contact- 
method can be advantageously emplo)ed for applying the test 

(b\ Gmtlins tist for biU pigmenti. — Place a drachm of nitric acid in a 
test tube and cautiously pour upon it an equal volume of the 
urine. In the presence of bile a play of colors firom green to 
violet, blue, and red will be observed where the liquids touch. 

(r) P^iUnkoftrs tat for biliary acids. — Mix equal parts of urine and 
sulphuric acid, add one drop of saturated syrup, and apply a 
gentle heat. If biliary acids be present, the color will change 
from cherryrcd to deep purple. 

Notf. Hilioa^ urine is usually of a Imiwni&h-grccn color. 

7. Test for urea, as follows - 

{a) Sc*|)aratc any albumin as directed in Moore's test) if necessary* 
and cva|K)rate an ounce of the urine to a syrupy consistence on 
the water bath. When cold add nitric acid, drop by dro|), till 
crystals of nitrate of urea cease to deposit. 

(b) Estimation of una, — This is performed by the hypobromitc pro- 
cess already given at page 1 24. 

8. Test for uri< acid by mixing one ounce of the urine with one drachm 
of hydrochloric acid in a beaker, and set aside for some hours. The uric acid 
will be deiK)sited in reddish-brown crj-stals, which may, if dcsireil, be weighed 
and proved by the murexid \ts\, 

lliis method is based on the known fact that argentic urate, unlike most 
other salts of siher. is msr>lul»lc m ammonia, but tiissolseN in nitnc acid. 
The solutions rciuircd are i. "j^.q ammonium-lhiocyanatc " , dissolve 
about S gr.inimes of atnmcmium thiot yanate in a litre of water, aini check with 
^^ argentic nitrate solution ; dilute it for use with nine volumes of water. 
2. Dissolve 5 grammes of argentic nitrate in 100 cc of distilled water, 
and add ammonia until the solution becomes clear. 3. Dilute 70 per cent 
nitric acnl with two volumes of distilled water, boil, to destroy the lower 
oxides o nitrogen, and preM!r\e from the action uf light. 4. K saturated 
solution of ferr;c alum. 5. Strong M>lution of ammonia. The following ts a 
descript on of the pro* ess : l'la< e 25 cc of urine in a beaker with i gramme 
of sodium buarUmate. Add 2 or 3 cc. of strong ammonia, and then 
I or 2 cc. (or an excess i of the ammoniated silver solution. A speoal 
procedure is necei^sar) in order t>> collect the precipitate, as follows : — FiU a 
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glass ftmiiel to about one-third with broken glass, and cover this with a 
bed of good asbestos to about a quarter of an inch deep. This is best done 
by shaking the latter in a flask with water until the fibres are thoroughly 
separated, and then pouring the emulsion so prepared in separate portions on 
to the broken glass. On account of the nature of the precipitate and of the 
filter, it is necessary to use a Hunsen water pump in order to suck the H<iuid 
through. Having thus collected the precipitate, wash it with distilled water 
until the filtrate ceases to become opalescent with a solution of NaCL Now 
dissolve the precipitate by washing it through the filter into a beaker, with 
a few cubic centimetres of the special nitric acid. Estimate the silver by 
Volhard's method, thus : Add to the liquid in the beaker a few drops of the 
ferric alum solution to act as an indicator, and from a burette carefully drop 
in 100 ammonium thiocyanate solution until a permanent red color appears. 
The number of cc. used multiplied by o'ooi68, gives the amount of uric acid 
.in the 25 c.c of urine. One milligramme may be added to this amount as an 
allowance for average loss, and the whole multiplied by 4 gives the percentage 
of uric acid in the urine. The sodium bicarbonate is added in the early part 
of the process, to prevent decomposition of the argentic urate, which would 
otherwise ocxur. 

9. Test for phosphates, as follows : — 

(ii) Add to one ounce of the urine a slight excess of ammonium 
hydrate, and boil. Ca3(P04), and .MgNH^PO^ will both be 
precipitated, and the precipitate, if more than a distinct cloud, 
should be filtered out, dissolved in HCl, and analysed by the 
ordinary process already given for phosphates. 

(/>) After filtering out the earthy phosphates as above, alkaline phos- 
phates may be tested for by adding magnesia mixture to the 
filtrate and getting the usual precipitate of MgNH^PO^ after 
standing some hours in a cold place. 

(» ) Eitimation of Phosphates, — This is done by the volumetric process 
with uranic nitrate, already describeii at ]>agc 120. 

ic. Test for sulphates, as follon-s : 

.\cidulaie a weighed quantity of the urine with HCl, warm, and add 
excess of IJaCl> If the prct ipitate .ii>i>ear too copious, estimate 
as usual. 

I I . I est for chlorides, as follows , — 

Acidulate a little i:f{ the urine with HNOj and add excess of argentic 
nitrate. If the precipitate thus pro<luced looks very large, a 
weighed -luantiiy of the urine should l)e taken, and the chlorides 
ebtimated by Vulhard's method (see page 113). 

\2. luiod is best seen under the microscope ; but urine containing it h.is 
aUa\N a very chara< tcrisl;* smoky ap|)earant c. A test for blooil is to add 
tin« ture of guaiac um and ethereal solution of hytlrogen j)eroxide, which pro- 
*lu< e a sapphire blue ; but sui h color of itself should not be taken as i)Ositive 
proof without the blood discs being also visible under the microscope. 
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ANALYSIS OF URINARY CALCULI, 



BlVISIOir m. ANALYSIS OF mBtlNAET CALCXTLI. 

The following table will show at a glance the compositions and methods of 
proving the various calculi. 

1. Calculi, fragments of which, heated to redness on platinom, 

entirely bnm away. 



Name. 



Uric acid, C5N4H4O3 



Ammonium urate 



Cystine, C3H7NSO, 



Xanthin, C5H4N4O, 



Physical Characters. 

Brownish-red ; smooth 
or tuberculated ; 
concentric laminae 
(common) 



Clay-colored ; usually 
smooth, and rarely 
with fine concentric 
laminse (uncommon) 

Brownish -yellow, 
semi-transparent and 
crystalline (very 

uncommon) 

Pale polished brown 
surface (very un- 
common) 



Chemical Characters. 



Insoluble in water ; soluble in KHO 
by heat, but evolves no NH, ; dis- 
solves with effervescence in HNOj, 
and the residue on evaporating the 
solution is red and gives the murexid 
test. 

Soluble in hot water ; soluble in 
heated KHO, evolving NH,. Be- 
haves with HNO3 1^^^ u>^<^ zxA<^ 

Insoluble in H3O, alcohol, and ether. 
Soluble in NH4HO, and depositing, 
when allowed to evaporate spon- 
taneously, hexaj|onal plates. When 
heated, gives off odour of CS^ 

Soluble in KHO ; soluble in HNO, 
without effervescence^ and the solu- 
tion leaves on evaporation a deep- 
yellow residue. 



2. Calcnli, fragments of which, heated to redness on pUtinnm, 

do not hum away. 



Name. 



Calcium 
mulberry 
CaC.p4 



oxalate, 
calculus^ 



Tricalcium phosphate, 
bone-earth calculus^ 
Ca.,P04 



Magnesium ammo- 
nium phosphate, 
triple phosphate cal- 
culus, MgNH^PO^ 

Mixed phosphates of 
Ca, Mg, and NH4, 
fusible calculus 



Physical Characters. 



Deep brown, hard and 
rough ; thick layers 
(common) 



Pale brown, with regu- 
lar lamince (uncom- 
mon) 



White, brittle, crys- 
talline, with an un- 
even and not usually 
laminated surface 
(uncommon) 

White, and rarely 
laminated 



Chemical Characters. 



Insoluble in acetic acid, but soluble 
without effervescence in HCl ; 
heated to redness, it is converted 
into CaCO) which dissolves with 
effervescence in acetic acid, and the 
solution gives a white precipitate 
with (NHJ2C2O4. Heated strongly 
before the blowpipe, CaO remains, 
which, when moistened, is alkaline 
to test-paper. 

Infusible before the blowpipe, and 
residue, when moistened, is not al- 
kaline. Soluble in HCl, and the 
solution gives a gelatinous predpi* 
tate with excess of NH4HO. 

Fusible with difficulty before the 
blowpipe, evolving NH3, and re- 
sidue not alkaline. Soluble in HQ, 
and solution gives white crystaUint 
precipitate with NH4HO. 

Readily fusible before the blowpipe. 
Soluble in acetic acid, and solutum 
gives a white precipitate with 
(NH^),C20<, and the filtrate fixwn 
that precipitate gives a white pre- 
cipitate with excess of NH^HO. 
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CHAPTER XII. 

THE ANALYSIS OF GASES, POLARISATrON, AND 

SPECTRUM ANAL VS/S. 



DIVISIOV I. THE AVALTSIS OF OA8B8. 

This operation is conducted by measuring a volume of the mixed gas under 
definite conditions of temperature and pressure, then exposing it to the action 
of some substance having the power of absorbing some one constituent of the 
mixture and again measuring the gas left By seeing that the inside of the 
measuring tube is always kept moist the question of tension of aiiueous vapor 
is equalised all through the experiment, and as many absorbents as may be 
necessary are employed in turn. Many of the gas-measuring appliances are 
large, costly, and require to be kept in special rooms devoted to the 
purpose. Quite recently, however, an American chemist, Mr. Reiser, has 
de\'ised a gas-measuring apparatus which is likely, in the author's opinion, to 
supersede all others for absorption analyses, because it is compact in form, 
may be easily carried about and used at any place, and yet is capable of 
measuring gas volumes with great accuracy. Long graduated glass tubes and 
graduated vessels of all kinds are discarded, and an instrument is constructed 
u[>on the principle of determining the volume of a gas from the weight of 
mercury which it displaces at a known temperature and pressure. From the 
weight of mercury displaced the volume of the gas can be determmed with 
much greater accuracy than by a direct reading on a graduated glass 
eudiometer. 

The acn>mpanying cut shows the construction of the measuring apparatus 
and the absorption pipette, a is the measuring apparatus, B is the absorption 
p»|)etti- ; (1 and d are glass bulbs of about 150 c.c. capacity. They are 
connected ai the bottom by a glass tube of i m.m. l>ore, carrying the three-way 
sto|)co< k </. The construction of the key of the sto|K:cx:k is sh<iwn m the 
margin. One hole i-* drilled straight through the key, and by means of 
this the \cssels <j and /* may be made to communicate. Another oj)ening 
IS linllctl at right angles to the first, which communicates with an ofiening 
extending through the handle, but docs not communicate with the first 
openmj^ P.y nicanN 'of this, mercury contained in either a ox h may be 
allowed to How out through the handle J into a cup place*! beneath. The 
hulb Ais contracted at the top to an o|H:ning 20 m.m. in diimeter. This is 
« !«»sed by a rubber 5lop|>cr c arrymg a l>eni glas> lulie, to which is attached the 
ruhl»er pump <'. lo a second glass tut>c passing through the stop|>er a short 
jKCe o! rublnrr tubing with a pmrhcock is attached. Ily means of the pump^ 
.iir may l>e forced into or withdrawn from h, as one or the other end of the 
putnp i> att.n hcd to the gKiss lube. The bulb a terminalei^ at the tup m a 
narrow glass iuIkt, lo which is fused the three-way sto|K:ock c. The construe- 
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tion of the key of this stopcock is also shown in the cut. By means of it the 
vessel a may be allowed to communicate with the outside air, or with the tube 
passing to the absorption pipette, or with the gauge g. The gauge ^ is a glass 
tube having a bore i m.m. in diameter, and bent as shown in the figure. By 
pouring a few drops of water into the open end of this tube a column of water 
several centimetres high in both limbs of the tul>c is obtained. This ser\'es 
as a manometer, and enables the of^erator to know when the pressure of the 
gas eijuals the atmospheric pressure. To secure a uniform temperature, the 
bulbs a and b are surrounded by water contained in a glass vessel. This 
vessel for holding water is merely an inverted bottle of clear glass from which 
the bottom has been removed. The handle of the stopcock d passes through 
a rubl>er stopper in the neck of the bottle. A thermometer gradtuted to ^ 
is placed in the water near the bulb <i. The whole apparatus is supported upon 
a vertical wooden stand. 

The absori)iion pij^ctte b consists of two nearly spherical glass bulbs of 
about 300 c.c. capacity. Tliey communicate at the bottom by means of a 
glass tube, 3 m.m. inside diameter, r is a two-way stopcock. The holes in 
the key are drilled at right angles, so that the tube which connects with the 




measuring apparatus may be put in communicaiion cither with the funnel or 
with the absorption hull). 'I*he funnel is of service in removing air from the 
tube which connc< is the measuring apparatus with the absorjition pijjctte. By 
pouring mercur)- or water into the funnel and turning the stoiKOi ks tf and c in 
the proper ciireciions all the air is readily rcmo\e<1. /is a rubln-r pump incd 
in transferring gas from w to a. The lower j>art of the pij»ette contains 
mereur)', i»hu h protc* ts the reagent troin the action of the air. 

To measure the \*»luine of a gas, the vessel a is fillet! completely with pure 
mercury. This i^ easily arcomplished by iK>uring the mercur>' into ^, and theilt 
after turning i until a c tminui n nates with the outside air, forcing it into a by 
means of the pump f. .Any excess of mercury in b is then allowed to flow oat 
through the sto{M(«4k J. When a and b arc now placeil into commtmication 
the mercury will flow frmn .; to b. and gas will l>e drawn in through the fttop- 
c(Kk t'. The volume of inert ury which flows into b is equal to the volume of 
gas drawn into a. \N hen the mcrcur)* no longer rise^ in b and it i§ desired to 
draw in still more gas into <i. then it is only necessary to exhaust the air in ^ 
by means of the pump t. After the desired quantity of gas has been dimvn 
into a the stopcock ( is closed. After standing a few minutes the 
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ture of the gas becomes the same as that of the water surrounding a. The 

Cressure of the gas is then made approximately equal to atmospheric pressure 
y allowing the mercury to flow out of /^ into a weighed beaker placed beneath 
the stopcock </ until it stands at nearly the same level in both a and b. 
Communication is now established between a and ^% and by means of the 
pump e the pressure can be adjusted with the utmost delicacy until it is 
exactly equal to atmospheric pressure. The stopcock d is then closed, and 
the remainder of the mercury in b is allowed to flow out into the beaker. The 
weight of the mercur)* displaced by the gas divided by the specific gravity of 
mercury at the observed temperature gives the volume of the gas in cubic 
centimetres. 

If it is desired to remove any constituent of the gas by absorption, a pi[>ette. 
B, containing the appropriate reagent, is attached to the measuring apparatus. 
All the air in the connecting tube is expelled by i>ouring mercury into the 
funnel and turning the stopcocks / and c so that the merrur)- flows out through 
c, A little more than enough mercury to expel the gas in the vessel </ is 
poured into b. The small (|uantity of air which is confined in the tul)e con- 
necting b with the sto|Kock is removed by allowing a few drops of mercury to 
run out through b. Then </ and b are placed in communication. The stop- 
cocks / and c arc tumetl so that the gas may pass into the piiKtte, the 
mercury which filled the connecting tube passes into the absorbing reagent, 
and unites with that which is already at the bottom of the pipette. The 
transfer is facilitated by the pump e. After absorption the residual volume is 
measured in the same way that the original volume was measured. </ is com- 
pletely filled with mercur)- from the upi)er to the lower stopcock, and all the 
mercur)' in /^ is allowed to run out ; the gas is then drawn Iwick into the 
measuring ap|)aratus, the last portion remaining in the connecting tube being 
displa( ed by means of mercur)- from the funnel. The volume is then deter- 
mined as Inrfore. 

The < alculation of the results of an analysis is very simple. If the tempera- 
ture and pressure remain the same during an analysis, as is frequently the 
caM.-. then the weights of mercur)* obtainetl are in direct proportion to the 
gas \(ilumes, and the jHrrt entage comj>oMtion is at once obtained by a simple 
proportion. 

1 1 the tcni[)eralure and pressure are different when the measurements are 
made, it is nee essary to reduce the volumes to o*^ and 760 m.m. The 
following: tMriniila is then used : — 

/>> ( I -h '00367 A /) 700* 

in uliK h 

//■ z_ weight of mercur) obtained (in |;rainmes), 
/' N|K.(ih( gravity of mercur)- at t^\ 

f — tein|)eralure at which the gas is measured. 
// - licijiht of the laronieler, 

. - tension of aqueous vajKjr. 
/ -- re*hi< ed j:as \olunie (in < ubic < eniinieties). 

In all the nieasurements made with the apj ar.itus the ^.is is saturated 
¥Mih .1 iueuus v.HK)r. Inxause it comes in ( onia< t with the water in the 
in.inomtter ^. 

I he t hicf absorlnrnts employed in gas analysis arc as follows : — 

A. Strong: s<»Iution of [K>ta«^sium hvdrate ab!>orbs HCI. HHr. HI, 

CO,. SOj, and HjS 
/>. Crystallised sodium phosphate absorbs HCl, HHr. and HI. 
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C. I vol. of 25 solution of pyrogallic acid + 6 vols. 60 4 solution 

of KHO absorbs O, (after removal of any gas absorbed by 
KHO alone). 

D. Concentrated solution of cuprous chloride in dilute hydrochloric 

acid absorbs CO (after removal of CO^ and O. with alkaline 
pyrogallate). 

E. A solution of sulphuric anhydride in strong sulphuric acid, or 

solution of bromine, absorbs C^H^, and the other gaseous 
hydrocarbons of the scries C.H-^, and of C^Hj,,.^ 

F. Absolute alcohol absorbs certain of the i>araf)ins, except marsh gas. 

G. .Adding an excess of pure oxygen, and then absorbing with alkaline 

pyrogallate will remove NO together with the excess of oxygen 
used. 

//. Hydrogen and nitrogen are left to be estimated by difference 
They may be separatetl by passing the mixture into an eudio- 
meter and adding excess of pure oxygen, measuring the total 
volume, and fiassing an electric spark. The hydrogen then 
forms water, and the gas being remeasured, J of the total loss 
in volume represents the Hj present. The excess of O, having 
then been removed by alkaline pyrogallate, the remainder is N^ 

Full details of the analysis of gases, beyond the scope of the present work, 
will be found in Sutton's " Volumetric Analysis." 

DI7I8I0V IL AVALT8I8 BT CIRCVLAE POLAKISATIOS. 

THE aAOCHAEDBTER. 

Crystals which do not l)elong to the regular s)'stero (noubly calc-ipftr) 
possess the power of doub/t refraction. That is to say, when a ray of light 
falls u|>on them, it is divided into two rays, one of which follows the ordinary 
rule of refraction, while the other takes a totally different course ; and the two 
ra>-s are called resi)ectively the "Ordinary" and the " eztntordinary ** ray. 
The most convenient polarismg medium is what is called a " Hieol't priOL** 
It is composed of a rr\*stal of calcs|Kir cut into two jwrtions in the direction 
of Its axis, and the two parts thus obi.imed remented t')ijelher with Canada 
balsam. When a l>eam of light enters the priMu. it is doubly refracted by the 
first jxirtion of the crystal, and the extraordinary ray only (ossein through the 
second j^^nion to the eye of the obser>er ; while the ordinary ray is com- 
pletely reflected away h\ the layer of Canada hilsam. and so lost to view. 
When this extraordinary ray is examined it is found to |x>Nsess {>eculiar 
properties, such as showing <olor in iransjarent Ixniies which are usuallv 
colorless. This is accounted for by Inrlievrng that it has become polarJUi 

I.e., that all Its viUraiions luive been reduced to the same pbnc. If the 
{olarisetl light thus obiaineti Ik* examined by means of another NicoPs pfisoi* 
It will Xrc found that *hen the iao prisiis are f)laced with the principal 
sections |>arallel to ea< h other, the ra\ will jass freely : but if the second 
|>nsm, calleil the analvMrr. be then turned r<nind so that its chief section is 
at right angles to thai of the nr^*. the j>olansed ray will in turn be entirely 
rerte* ted fr<»m the l.ner ot b.ilvini. and no light will now reat h the obser\'ef*l 
e\e. rhi^ holds gr>,Ki v» long a> nothing inter\enes l>etwcen the two prisms; 
but It has l>een f«»und that certain bodies, such as «|uart/, jK>ssess the |K>wcr, 
when interjK>sed Sct^cen the pnsms. ot gi\ing a color instead of darkness* 
owing to their (Kisscssmg the [K>wer of twisting the polarised ray from M 
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oiigiual plane. Such substances are said to possess the power of eiroolar 
yolariwtncm, either in a *< right-handed '* or " left-handed " direction, accord- 
ing as it is necessar)' to turn the prism either to the right or left from its 
proper position to once more produce complete passage of the colorless 
polarised ray. The direction of the rotation is indicated by the use of 
arrows, thus: ^*^, Cane sugar, grape su^ar, dextrin, maltose, creasote, 
camphor, tartaric acid, cinchonine, castor oil, croton oil and oil of lemons 
rotate the plane of the polarised ray to the right ; while fruit, or invert-sugar, 
quinine, cinchonidine, tur|>entine, and many essential oils, morphine, etc., 
have a left-handed rotation. 

There are two varieties of quartz, knov^m as right-handed and left-handed, 
one of which rotates the plane of polarisation to the right and the other to 
the left. If a plate of quartz i millimetre thick be placed between the two 
'' Nicols/* the ray of ix>lartsed light is rotated, and instead of being colorless, 
is colored, changing to all the colors of the spectrum as the analyser is turned, 
until it once more becomes colorless, and the amount that the analyser has to 
be turned (registered by a pointer on the degrees of the circle) is the index of 
rotary polarisation [X)ssessed by the ((uartz either in a right- or left-handed 
direction. If the turning of the analyser be now continued, color will again 
show itself, but this time it will be the color complementary to that at first 
pro<luced. Thus, if we start with a plate of quartz showing red between the 
uncrosseii prisms, and rotate, we shall find that when we have turned through 
an angle of 45', we get no color, but after that we Inrgin to get the com- 
plementar)' color green, which becomes most intense at the right angle of 90 , 
when the prisms are crossed. The |)olaris< 0|>e as used for analysis is therefore 
essentially (<j) a Nicol's prism acting as a polariser, (/») a plate of t|uartz 
usually divided down the centre, the one side l>eing right-handed and the 
other left, w) a tube 10 contain the solution, (</) another ** Nicol " capai)le of 
being rotated, ami having a pointer acting on degrees of the circle on a scale, 
{e\ a tclcs<:o|)e to focus the line between the two sides of the quartz. When 
the iMMnier is pla( ol at zero, the tube filled with water and the line focussed, 
no color is seen on either side of it, but if a solution say of sugar be intro- 
duced, then color appears on one side of the line according to the nature of 
the sui:ar. and then the distance through which the pointer has to be moved 
round the gniduatcd circle to get both sides of the quartz colorless is the 
decree of rotary i>olar:sation. In practice monochromatic li;;ht from a s<Hiiuin 
tlatne is employed, and this, destroying all color, causes a d.irk shadow inNie.id 
of a color lo aj)j»ear when the instnunent is used, so enabling colorblind 
l»«.T>ons 10 cinj>lu\ it without ditViculty. To use the instnunent we make a 
Noliition of the body to be examined of a definite percentage strength by dis- 
•-"!'. in*: a < crtain number o( grammes in ico c.c. of a solvent. Wc then fill 
the luhe. olj.ser\-e the tJegree of rotation proiiuced, and from that wc calculate 
tile absulure an^^le of rotation for the so<lium li^ht lalways expressed as (i/j; as 

foliOWs .-- 

1 • • ' '- .J-*c:n'- an^;!r. 'he "•rcn^th in j^ramnu*'* jicr lOO c c, .ir. I / thr Icn^h of 

looa 

' • • 

!• 'ht .;■ - li:!' -ir.^lc t*.u* f..un«! ci»inc:(!r^ wjih that «"l«iainc! fffin the same -.ul^stancc 
1 ri!r 'i J urry, "'.(n tj.c .irtKlc un«ler cxanimation :* j urc, l-ui it i.nt, then a kiin)>Ie |»cr- 
. ■.::• I ;«• ^a|i ula!i"n j^j^c- '\tr itujtunty. 

I r. :-» :}.r [.\] >>{ |.uf.; rine *uj;»r - . A sample examine*! as altove ^atc an \ij;, — . 



1 ■ ^n j-:f frnt. of real ^U|*ar pretcnt in the sample. 
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DIYISIOV m. SPECTRUM AHALT8I8. 

When a ray of sunlight is allowtrcl to pass through a prism, it is deflected 
and disp<rs(d into a number of rays differing in their degree of refrangibility. 
When these rays, as they i>ass from the prism, arc caused to fall upon a white 
surface, they are observed to have a marked difference in color. The image 
so prtnluc ed is called a speetmm ; and when sunlight is thus treated it is 
found to gi\e a spectrum consisting of the following colors : viz., violet, indigo, 
blue, green, yellow, orange, and red. The violet end yj{ the spectrum, owing 
to its greater refrangibility, is always the nearer to the base or broad end of the 
prism. By this means ot ^ej>arating the rays of light we are able to ascertain 
the |>e<uliar |)roperiies of each of the < olors which go to com[>o$e it, and we 
find that the chemi* al activity of light resides chiefly in the most highly re- 
frangible rays just outside the violet end of the \isiblc s|)ectrum, which are 
called the aclinic rays ; while, on the other hand, the heat transmitted by the 
sun is n»osl felt at the opposite or red end of the siKt trum. 

Turther researt h demonstrated that if we substituted the light emitted from 
various ImmIics in a stale of in< andes< ence to the a< ticm of a prism, the image 
or s|»e<trum produc etl varied in each case, and was, moreover, almost cha- 
ractensiic of the particular bodies employed. This discover)' le<! to the 
invention of the ^jkc trosco|>e, which, in its sini[>lest fonn, consists of a 
meUllic diaphragm ^\\\\ a narrow slit, through which a ray of light from the 
burning body is allowed to (xiss and is comlensed by a lens upon a prism of 
glas««, or. better still, a triangular l>ottlc of thin glass tilled with disul|>hide of 
carlHin. .\t the op{>Osite side of the prism is a short tclesco)>e, so arranged 
that an obser\er. looking through it, sees the sj>ec:rum or image |>rodiiced 
by the light after (asking through the prism, 'fhis telesco|>e works upon a 
graduated Male, by whuh its position for viewing any [articular line obsen*ed 
can be noted. 

When t ordinary solar light is examined through the s|>e<:troscope, a number 
of dark lines are found « rossing the image at certain fixed |>oints. The)* are 
called ** Frauenhofer* s lines.'* and their {losition is « haracteristic of sunlight. 
It has been provetl that such lines are only formed when the source of li^ht 
contains volatile sul)Stances, as we find that the light emitted by a non-volatile 
heated body gives a continuous im.ige devoid of lines. If, for example, a 
platinum wire be heated to a high temperature m a Itunsen burner, and the 
light thus proiiuced l>e examined, no lines will be visible ; but if the wire be 
now tipj-cd with a fragment of S4Kiium i blonde, and once more ignited, a 
bright line witl suiidenly appear in the yellow of the sjicctrum, and in so 
da/zlmg a manner a> tv) render the whole of the rest of the image almost 
invisible. In carrviru out this sysiem (»f analy^i^. il.crefore, it I-* only necessarf 
to procure a perltctU « lean p.e« e ol plaMiUhi wire, with one end Ijcnt into 
the form ol a loop, and p'.ac e a liun>en ^as iKirner in suth a jiosition that the 
rays from an\t!,.ng heated in it will pass into ihe s|)ectruM.<>j>e. The %rire is 
then to Ik* iiu»i^:ened w:th a i;:t!e h\dr(K hlorit acid, and having been dip|>ed 
in the sul»st.in«e \ » Ik: exaniiiie'l. i> to l»c held in the hcttcM j-ortion of the 
Bunsen ilan.e, arvi its n; e« ir.ju ^ima'.iani«»u^*.v ul^erved through the sjiectro- 
sro{»e, n«»i»t..; «ar«.r..K) ::.• «• '..r. n^iM^^r. and i-r«.i:ion on the s<alc of the 
bright lines ; r.niut ed. When thus ex.iiniiied, we fiml tlut (Hjta.s>ium exhibits 
one bngrii line in the retl. ami one ni lie blue . lithium, one bright line in the 
yellow, and one m-re bnllunt in the re<i . strontium, one blue, one orange, 
and <^tx retl lir.e> . barium, a nutiiU r ot lines < hietU green and )ellow ; cal- 
cium, three distinct bright )ellow lines, one withm green, and some brand but 



A 



% 



.\:elting points. K \ i^s 

indistinct ones in the orange and red : and lastly, sodium the single nii^ht 
yellow line already mentioned. ^ 

The student must commence with the examination of pure salts, carefully 
noting for reference the position of the index of the telescoi)e on the scale 
where each characteristic line is found. When it is desired to examine any 
mixture the telescope index is brought to the required ix)sition and the sub 
stance is examined : if the pro|>er Ime is seen, then the element searched for 
is present ; if not, it is absent. If we examine ordinar)' light which has been 
made to jklss through solutions of various colored bodies, we obtain dark 
bands analogous to the lines of Frauenhofer. These are calle<i absorption 
tpeotra, and are ver>' useful in the detection of soluble c oloring matters. A 
solution of blood, for example, shows characteristic bands in the green of the 
sjKXtrum. All this is a matter of special study, and to go farther into it would 
be beyond the scoi>c of this volume. 

DIVI8I0V IV. ICELTIHO P0IHT8. 

The accurate taking of the melting point is an ini|K>rtant factor in testing 
the purity of many solid organic iKxlics, notably of fats and waxes. Many 
methods have been from lime to time proposed, but the following will be 
found to be sufiiriently good for all ordinary* purix)ses, and is, morco\cr, 
the method officially atlopte*! in the rharmaiopieia. 

A piec e of narrow glass tul>e is softened in the gas tlame and drawn out. mi 
as to give it a long thin end with a <apillar>' bore. The fat or wax is niched, 
and a little of it is sucked U|» into this capillary tube and allowed to solidity 
therein. The tulx.' is then tied to a delicate ihcrmonieter so that its ( a|.iil.ir\ 
end (h.wing the semi ojiaque column of soliditled fat inside » just rests a;;ain>: 
the bulb cf the thermometer. Both are now supported |)erpendieul.iri\ m i 
Inraker of water, and heat is gently applied to the same. The ri>t of the 
therm(»nielcr and the apj»earance of the tube of fat being l)Oth observed, liie 
height of ihe former, at the moment when the column of fat Inrconies trans- 
parent, is noted as the melting point rcjuired. It is always useful to repeat 
the process three times and to take the average as tlie true melting pont. 

Students dtsiring to go more deeply inti* this subjec t are referred to Alleii '^ 
** ('ctiirnertial Organic .\nnl\-i- " 
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